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Abstract

+

As a part of a search effort for curvilinear process-product relation-
ships, first grade reading and mathematics data from the Stallings and
Kaskowitz (1974) Project Follow Through Classroom Observation Evaluation
were reanalyzed using orthegc=ral polynomial regression methods. Seventy-
five classroom process variables were selected and entered into polz;
nomial regression analyses. Thirty-two of ‘ninety-five relatiomships
tested were found to be nonlinear. This, of course, is well beyond
chance. Fourteen of the nonlinear functions were quadratic in nature,
eleven were cuhic, and seven were quartic. Fifteen of these functions
were related to mathematics achievement, and sevénteen were related to
reading achievement. These results generally support the view that
relationships between some classroom process variables and studeit
achlevement are probably curvilinear. 1In turn, this finding seems to
raise a question about recommendations for instructional improvement
tt.at are made based solely on linear analyses of process-product study
data. This finding aiso provides additi¢nal support for the argument to

employ both linear and norlinear analyses in classrcom process—product

research.
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I. INTRODUCTION

N
Improvement of the delivery of basic skills instruction to students
has always been the preeminent goal of educational R&D. But as vet research

has not found any iunovation of our educational system that consistently

relates to outcomes in the traditional basic skills areas of mathematics.

~,
R

and reading.
Nevertheless, new understandings regarding the relationship be-
tween classroom practices aﬁd student achievement, and of the change
process itself, provide one with a measure of hope. Medley (1978),
for example, has concluded that "where sufficient effort gnd resources
"have been applied to tﬁe study of teacher effectiveness, useful and
dependable findings have emerged" (p. 22). And from the literature on
change one learns that there is increasing reason to believe that even
the best of innovations will not succeed unless they are the achievement
of joint efforts of practitioners and researchers, and are differentially
omploygd by practitioners according to objectively determined needs at

r 4

thﬁ;légkl of intended use.

wone prerequisite to the improvement of basic skills instruction
séoms to be for researchers and practitioners especially~-givea varia-
tions in student characteristics and in the goals of instruction--to
understand better how classroom practices can be optimized in order to
maximize student achievement Iin mathematics and reading.r In this respect,
Luecke and McGinn (1975) have observed:

For us, advancement will come through an improved understanding of
what actually takes place in schools and classrooms. Studies using

educational production functions must attend more to variables per-
tinent to the educational production process. (p. 350)



In the last decade, well-designed and large-scale studies were im-
plemented to examine the instructional process in ré!pect to student'
outcomes. Medley (1977) has listed fourteen of thase process-product
studies and there are even more. History is certain to applaud the ef-
forts of all those associated with such fesearch for it is alréady clear
that their woik uas advarced greatly our understandings of teaching ef-
fectiveness. Nevertheless, it is probable that some of the conclusions
drawn from the reéults of those studies exclusively utilizing linear
production functions are in need of reexamination for reasons soon to
become apparent. Conclusions drawn from production functions which are
positive and linear would imply that "more is better" while a negative and
linear function woula suggest thét "less is better." It is not unusual
for the linear results of prccess-product research to be translated
into a "tentative" set of recommendations for instructional improvement

t

and then "universally prescribed." Soar and Soar (1976) believe that

these types of innovations are limited:

They aré‘simplistic in implying that if some of a behavior is good,
more is better; and once the question is raised, it becomes diffi-
“cult to imagine very many behaviors for which increasing amounts
would be unqualifiedly good. (p. 2653)

The Soars continue their argument by indicating:

Advocates of change in teacher behavior do not often identify limits
for the ‘2havior they recommend increasing or decreasing. There may,
of course, he a small number of measures for which straightline re-
lationships really are appropriate, such as negative affect. It would
not be surprising if increasing amounts of this behavior were in-
creasingly destructjve. But it seems doubtful that such relations are
typical, as the use of product-moment correlatioa implies. (p. 265)

[



It has been advocated that nonlinear analysis should be performed
along with linear analysis. Brophyiand Evertson (1974), for example,

N
conc luded:

-
4
%

The findings of' the present study . . . point to the need for rou-
tinely investigating nonlinear as well as linear relationships be-
.tween teacher behavior and student outcomes. . . . The present study
has shown that many relationships which do not appear in correlational
analyses are revealed when nonlinear analyses are v2rformed, and,

. "more importantly, that most teacher behaviors are related non-linearly
to student outcome mefmures. (pp. 166-167)

Soar and Soar (1973) reached a similar conclusion:

The methodological implication of these data appears to be a strong

argument for the importence of analyzing classroom data interactions

and nonlinear relations, since linear relations apparently represent
only.a small portion of the meaningful variance in classroom be-

havior and its relation to pupil gain. (p. 149)

Implicit in the above is the notion that linear production functions
should not receive exclusive consideration in teacher effectiveness researcly;
instead, researchers are urged to realize that some relationships more
appropriately are described by functions reflecting the law of diminishing
mirginal productivity. Samuelson, for example, indicates that '"some inputs
relative to other fixed inputs will, in a given state of'technology.
ciause total output to increase; but after a point the extra output re-
sulting from the same additions of extra inputs is likely to beccome less
aund less" (p. 52). The questions of concern here may be: How does stu-

dent achievement change with increasing inputs of one classroom variable

while all oilher variables remain fixed? And, are there optimal levels of



a particular classroom practice that will tend to maximize student
aciuievement? This latter question leads us directly back to the issue
of nonlinearity.

A number of studies have reported nonlinear relations between mea-
sures of achievement and direct and/or proxy measures of classroom
practices (e.g., Coats, 1966; Brophy & Evertson, 1974; Loucks, 1975;
Soar, 1966, 1968, 1971, 1973; Soar & Soar, 1973). Soar and Soar (19765, for

examp le, reported: °
ionlinear relations were found between measures of achievement gain
and measures of teacher behavior which appeared to represent teacher
limitation of pupil freedom in the development of subject matter
and thought. (p. 263)

Elsewhere, Yoar (1966) reported that "intermediate levels of teacher
control . . . ppoduced more pupil change in desirable directions
than did extreme lack of teacher control" (p. 248).

Of course, cuch findings as those reported above cannot be ignored
by any new effort to assist practitioners to improve their basic skills
instruction. Indeed, 1t would appear that recommendations for instruc-
tional improvement based solely on linear relationships may not only be
sulb ject to some error but, moce importantly, may inadvertently bypass
some important process-product relationships.

ihis secondary analysis effort should not be construed as strictly
exploratory; sufficient evidence is now available to suggest that non-

linear fuanctions probably will be found in all large -stale process~product

48



research (e.g., Soar & Soar, 1973). Nevertheless, %gis reanalysis does
represent ¢ attempt to cénfirm the view that thelrelationships between
certain classroom process variables and student achievement are curvi-
linear. Such additional evidence woulu not only clear;; imply the use-
. ' fulness of designing supervision and inservice training according to

, individually diagnosed teacher opportunities or needs, but would also

} covide some of'che data that eould be used by teachers for diagnosing
and prescribing instructional modifications.

It is this latter need that is at. the heart of this current re-
analys;s effort. It is proposed that both linear and curvilinear process-
product data q‘arld be explored for their potential utility to improve
instruction in basic skills. Important relationships could then be trans-
lated for teachers in a form they themselves can employ to discover op-
portunities for self-improvement. A concrete example may be helpful.

The B;sic Skills Component of the 2velopment Divi:ion of Research for
Better Schools, Iac., is in the process of field;developing models for
assisting practitioners to improve éheir basic skills instruction. These models ]
assume tha; practitioners can and should eompare their own classroom prac-
tices with reference functions (or tables) that relate the classroom
practices of others to student outcomes. Practitioners not functioningr

at levels that insure maximum student achievement for a given combination of
students and instructional goals would welcome the opportunity to modify
elther or both their behavior or classroom conditions. The use of both

linear and nonlinear process-product functions derived from large-scale

studies is seen as essential to this process.




Selecting Data Sets for Reanalysis

e 1
b

In selecting the Stallings and Kaskowitz (1974) data set for sec—

vndary analysis, the following criteria were used:

l. Only data sets from major studies of classroom process-product re-
lationships were to be considered. In other words, each data set
was to include classroom process variables and student achievement
scores for a relatively large sample of classroows.

2. Data sets were to be constituted so as to provide for the computa-
tion of residual scores. Such data sets were to contain student
initial ability and end-of~treatment achievement test scores
(or pretest and posttest scores) in the areas of reading and/or

mathemdatics.

3. Linearity of process-product relationships should have been assumed
but not actually tested during the primary analysis.

4. The data should have been collected from elementary grade' (i.e., K-8)
classrooms.

5. Data sets were to be available for purposes of reamnalysis.

6. Data sets were to be easy to access.

At ieast two data sets out of the sixteen major process-product
studies identified met criteria 1 through 5. These were the Follow
Through Classroom Ubservation Evaluation, 1972-1973 (Stallings &
Kaskowitz, 1974) and the Beginning Téacher Evaluation Study: Phase II,
1973-1974 (McDonald & Elias, 1976). The Follow Through Classroom
Ubservation Evaluation data were available from SRI International
(T. Middleton, Follow Through Data Bank Manager), and the Beginning
Teacher Evaluation Studv, Phase Il data, from ETS (F. McDonald, the

principal investigator). The Stallings and Kasxowitz data set
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was chosen for reanalysis primarily because it became available sooner

than the McDonal! and Elias (1974) data set. .

>

. The Organization of the Paper

This paper is divided into six sectisns. The segond section is
Jdesigned to provide an historical de;cription of :gsearch eméioying :
nonlinear methodology. It is essentially an ann;tated review of such
studies, and no serious attempt has been made to ana1§ze.or syhthesize’
the metliodology or ‘results.

The third section briefly describes the Stallings and Kaskowitz
(1974) study; methodology and results are described. The fourth
section discusses the data and methodology employed for this reanélysis.
‘The results of the reanalysis are described and discussed in the fifth

section. The sixth section summarizes the results,
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IL. AN HISTOQRICAL REVIEW OF PROCESS~PRODUCT RESEARCH
EMPLOYING NONLINEAR ANALYSIS
[n this section, studies I~ volving some form of nonlinear anaiyéis
of process-product related data are described. 1t is hoped that a sense
of methodological developments ir this area will become apparent,
/ .

although(no attempt has been made to synthesize either the techniques

or the results reported herein.
The Review

. | Perhaps the first researchers to "test" for nonlinear process-
product relationships were‘Solombn, Bezdek, and Rusenberg (1963).
They related ghe behaviors of twenty-four teachers in thirteen
adult-learning centers to studen. hievement and attitudes in an
— introductory American Government course. Teacher classroom behavior
was rated on two occasions in the middle of th;_term by a team of
observers using an instrument containing thirty-eight scales. At
‘the same thme, tape recordings were made and later analyzed with respect
to the speech of teachers and stude;ts with statement; being assigned
to broad categories, such as "interpretation,” "factual,”" 'organizing,"
"hypothetical," "opinion," and "personal preference”; teacher feedback
° to students was also analyvzed. To complement the observational data,
two questionnaires were employed tg elicit additional information. A
teacher questionnaire was used to obtain self-report data on teaching

goals and motives for teaching. Students rated a broad range of

teacher behaviors and reported their attitudes toward the instructor,
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the course,'the amount of learning, and the amount ¢ " interest they
developed.

The four Qata-gathering procedures produced together 169 different
items referring to the behavior of teachers. These variables were
factor andlyzed and yielded the following eight factors, which provided
the basis for computing factor scores for classroom processes: (1)
permissiveness vs. control; (2) lethargy vs. energy; (3) aggress:.u-
ness vs. protectiveness; (4)“og;cu;1ty/vagueness vS. clarify/expressive-
ness; (5) encouragement of content-related student participation vs.
nen-encouragement of particip;tion/student growth emphasis; (6) dryness
vs. flamboyance; (7) encouragement of students' expressive participation
vs. lecturing; and (8) warmth vs. coldness.

» The amountrof learning acquired by students was, measured by
administering ; multiple-choice achievement test at the beginning and
end of the semester. The specialiy constructed test contained two
pacts: one part measured factual information, and the other measured
comprehenSLOﬁ. Residual écores were computed, but because the corre-
lations between ghe resihual scores and unadjusted gain scores were
s0 high, Solomon et al. decided to use the unadjusted gain scores as
indicarors of schooling effects. Attitudes toward the instructor, the
course, the amount of iearning achieved, and the interest deveioped

were assessed by use of the student questionnaire. Status attainment

scores were used in the analysis of attitudes.

Zero—~order correlations were calculated to determine the association

between the eight teacher factor scores and student achievement. On the



chance that some of these process~product relationships migﬁt prove
to be nonlinear, a series of 2 x 3 Chi-square analyses:was conducted
by dichotomizing student scores iﬂto high and low categories based

o a median split and trichotemizing teachers into upper, middle, and
lower thirds according to their scores on each factor. Sixteen
Chi-square analyses were computed for the.combinatidn of factor by
test complexity (i.e., factual/cuncrete, comprehension/abstract). In
addition, the analysis of variance technique was used to assesc
context by process interactions.

The Chi-square technique prdﬁuced only one significant finding
that Solomon et al. construed as possibly representing a nonlinear
outcome, (Actually, a polynomial regression analysis would be needed
to confirm the fact that the actual function is curvilirear, since
the Chi~square-process could distort the true relationship.) The
classroon factor found to be significantly related to gain in compre-
hension was that of permissiveness vs. control. bther analysis revealed
that gaius in factual information were related to teacher scores on
clarity/expressiveness and lecturing. In the judgment of Solomon et
al., these latter two factors ''represent behaviors and quaiities of
behavior which provide the most efficient way for a teacher to present
and transmit factual material"™ (p. 6). ‘

Flanders (1970) indicated that ''the main credit for identifying
and conceptualizing nonlinear (or ~urvilinear) relationships belongs
to Soar" (p. 403); This review of the literature suprorts this historical

view. In the first of a series of chiefly process-product studies, in

¢
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which some form of nonlinear analysis was undertaken, Soar (1966)
examined how a set of presage and process variables was related to
student outcomes (i.e., products) in grades three through six. The
staffs of four elementary schouls, consisting of fifty-seven teachers,
volunteered for the study. In the fall of the first year, data
collection was begun with the administering of gchievement, personality,
and creativity tests to all pupils; a group test of problem—-solving
skills was also administered in each classroom. At about the same
time, teachers were administered self-report personality tests. During
the middle of the school year, classroom observations were conducted-
using Flanders Interaction Analysis and the South Carolir;()bservation
Record. In the spring of the first and secend years, stulents
were readminist :red the pretest battery as well as attitude measures.
Through the use of analysis of variance, Soar examined the cumu-
lative effect of different sequences of varying levels of c;assrbom
counditions over a two~year period. The four classroom process factors
that had correlated most clearly with student growth the first year

(i.¢., "teacher criticism,” "

extended discourse vs. rapid teacher-pupil
interchange," "pupil hostility vs. teacher support and pupil interest,"
and "indirect teaching vs. silence and confusion") were selected for
study over the two years. Teachers were assigned to high, middle, and
low categories on each of four process factors for each year. In this
type of analysis, one type of curvilinear relationship (i.e., an

{nverted U shape /M) would be suggested by greater pupil growth for

the middle positions relative to low aand high categories. The four

1l
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process variables were studied in relation to five student measures:

two achievement, two personality, and one dealing with creativity.
Student measures of residual truc gain for the two separate years

were summed in order to yield a total residual true gain for the

two years of the project and, thus, served as the indicator of schooling
effect tor this aspect of the study.

Results of the teacher criticism factor across the achievement
and creativity measures seemed to suggest that for these two types of
measures high teacher criticism produced the least growth and that
moderate amounts of teacher criticism were optimal. The two persona}ity
measures produced similar results. Soar interprets such findings as
perhaps indicating "that at least a minimum of control of deviant be-
havior is both necessary and desirable from the pupil point of view.
Perhaps the optimum of teacher criticism is more than the least which
is represented here'" (p. 229). Another finding was that the trends
noted above were clearer for the second year than the first. Soar
telt that the data suggested "that what went on the year earlier
matters less in the amount of growth shown over two years than the
more recent influences do" (p. 228).

For the indirect teaching factor in respect to achievement and
personality measures, the greatest desirable student change appeared
at intermediate values of the factor. This was not the case for the
creativity measure, where the optimal level for growth was associafed'
with a lower level of teacher direction than was the optimal level for

achievement and personality measures. Soar concluded:

12
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Intermediate levels of teacher control, expressed either as
criticism or as indirect teaching, nroduced more pupil change
in desirable directions than did extreme lack of teacher control.
Perhaps the explanation is the need for the teacher to provide
4 minimum of structure within which pupil growth will be
maximized. (1966, p. 248)
In 1966, Coats (as reported in Flanders, 1970) reanalyzed
Flanders Iuteraction Analysis (Flanders, 1965; Flanders et al.,
1969) data (ollected during 1959-1960 and 1964~1965 by Flanders
and his assocjiates. Coats uncovered some curvilinear relationships
that proved to be statistically significant. As indicators of schooling
effects, Coats empioyed standardized ctatus atteinment scores (i.e.,
achievement and attitude ﬁosttest scores) from twenty-nine gelf-
contained classes, fifteen seventh grade English-social studies classes,
and sixteen eighth grade mathematics classes. The independent variables
consisted of pritest scores on the achievement -and attitude measures,
4 measure of intelligence, and twenty-seven classroom verbal interaction
variables., Both regression and variance anal§%es were used in deter-
mining the nature ind strength of associations between classroom processes
.nnd educational outcomes, with the classroom as the unit of analysis.
Using polynomial regression analysis, Coats found that all signi-
ticant process-product functions were essentially linear, with the
exception of seven that were quadratic and one that was .ubic.
Statistically signiricant inverted U-shaped relationships were found
between teacher criticism (i.e., restrictiveness, restrictive feedback,

and negative authority) and postachievement scores for the sixth and

seventh grade samples. The rema ' ning curvilinear relationships Coats

13
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plotted employed pupil postattitude as the dependent variable and

sustained acceptance and preattitude scores as the independent variables.

Tﬁe tunctional relationship between sustained acceptance and postattitudes
may be described as a positively decelerating curve (i.e., 7 ). Preattitude
was functionally related to postattitude in a shape that may be best
described as a positiveiy accelerating (i.e., /) curve.

Although they did not employ any cognitive measures as dependent
variables, in 1968 Thompson and Bowers (as reported in Soar, 1972 )
related classroom process measures to creative growth in fourth grade
pupi}s. One of their findings was that middle-level teacher werbal
output (as well as convergent teacher style) was associated with greatest
growth in total creativity.

In another study, Soar (1968) argued that "there is an optimal
level of teacher indirectness which is less than the maximum possible
and an optimal level of teacher criticism whiph is greater than the
minimum possible" (p. 275). With this argument in mind, he asked: ¥Do
all” learning tasks have the same optimal levels of teacher behavior?"

(p. 275). In an attempt to explore this Zssue, Soar reanalyzed data
from his 1966 study.

Using pupil data from the first year of testing, Soar
calculated growih measures for reading, vocabulary, and creativity by
estimating true gain and adjusting the remaining relations with initial
standing. Factor scores for indirectness of teacher control and for
teacher criticism were used along with the residual true gain scores

to assess process-product relationships. Soar used a polynomial

14
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regression program to determine the nature of the relationships.
Once the relationships were determined-—and most of these functions
seemed to be nonlinear--Soar tested for differences in optimal levels
for the three growth measures that were assumed to vary in complexity ’n
the order in which they were listed above.

The results tended to nujport Soar's notion that differing optimal

. levels of indirec.ness would parallel differénces in the abstractness

or complexity of the growth measure. However{ the results for teacher
criticism were not as supportive. Soar concluded:

Perhaps what these two sets of findings together indicate

is that teacher behavior should shift materially in indirect-

ness from concrete to abstract subject matters, but that

all teaching should proceed under a relatively supportive
emotional climate. (p. 278)

Soar also suggested that effective teachers must be able to shift

teaching styles as they shift objectives. He also indicated:

[4

The possibility suggested by these findings is that families
of curves may be identified which would specify the degree
of directness which will produce most pupil growth for a

4 _ given subject matter (or, more likely, for a set of immediate

objectives). (1966, p. 279)

In the first of a series of reports (Soﬁr, 1971; Soar & Soar,
1972;‘Soar, 1973) dealing with the evaluation of Project Follow
Through's planned variation experiment, Soar sought both to describe
observed differences among sponsored programs in terms of classroom

behaviors and to relate those classroom processes to student outcomes.

Observations were carried out over a two-year period in a sample of

15
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kindergarten and first grade classrooms selected from each of seven pro-
grams and a comparison sample. Pairs of obs:rve?s spent a winter's day in
each of sevéhty classrooms, each obsarver using a different instrument (i.e.,
Teacher Practices Observation Record and Florida Affective Categories--
1969, or Florida Climate and Control System--1970) and making ‘an audio-
tape, which was later coded on two other systems (i.e., Reciprocal
Category System and Cognitive Taxonomy). The four systems recorded
such things as the teachers' classroom management techniques, .expression
of affect, and the social-emotional nature and cognitive leve; of the
interaction. In addition to these instruments, observeré/"globally"
rated the classroom climate and objectively described the context.
The results from each instrument were factor analyzed and reduced to
process factor scores. The factor scores were then tested for differ-
ences between programs by the multiple range te~t and related to student
outccmes by grade and year of observation.

Tﬂe set of pupil achieyemént meaéurgs. administered yéarly by
stanford research lnstitute (to a portion of the classroons observed),
differed somewhat across thentwo years in which classroom data were
collected. Scores ffom the various tests were factor anaiyzed by Soar
and reduced to three subscores representing simple-concrete, skill, and com;
plexvnbstraéL achievement. These scores themselves were reduced to |
reyressed gdin scores and were used as the indicators of schooling ef-
lects.  For each grade, classroom means were calculated for the three

product measures and were related to all of the factor scores derived from

the observational data.



In general, Soar (1971) found highly significant differences in
classroom behavior associated with differences in program sponsorship.
Subscores representing simple-concrete, skill, and complex~abstract
student growth did not relate strongly with each other, but did seem
to relate differently to the various dimensioﬁs of classroom behavior
and to the different programs.

Despite the above, Soar found that the relations of the obser-
vational measures to student growth were scattered and often inconsis-
tent. He attributed this failure to the unreliability of the achieve-
ment measures used and to the small number of classrooms available for
anélysis at each grade level. Soar, citing mainly first grade data
for the first year of data collection, spéke to the results of tests
of linearity. He reported finding a number of nonsignificant but
inverted U-shaped functions and suggested that certain process variables
may relate to student growth in a nonlinear fashion. He indicated
that "tfhis could account fc. the laék of relation ;ited above, and

. for both lowered correlations and inconsistent ones from grou- to
group" (p. iv).

[iv tue third year of his evaluation-research of Project Follow
Through, Soar (1973) again sougat to describe differences among sponsored
programs in torms of classroom behavio? agd to relate those classrooml
$rocesses to student'oqtcomes; Observations were carriéd out in a sa&-
ple of k?ndergarten, enteripg first grade, contiﬁuing first ‘grade, and
scecond grade .classrooms selected ,from eight sponsored’ programs and a

comparison sample. As before, pairs of observers spent a full winter's
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day in each of 289 classrooms with each member using a different instru-
ment and making an audiotape, which was later coded on two other systems.
" The four systems, which are the same as &escriged in Soar (1971),
recorded such things as the teachers' classroom management techniques,
expression of affect, and the social-emotional nature and cognitive
{evei of the interaction. Classroom climate and an objective description
of the context were obtained from the use of two other instruments.
Soar and his associates also conducted a substudy involving twenty
teachers who had been either high or low in the coerciveness of control
of pupil behavior the previous year.
For all three substudies the same set of observations was made.
The results from each instrument were factor analyzed ;nd reduced to
factor scores. These factor scores were.used .to.test for differences
between programs by use of the multiple range test. In addition,
highly loaded items from the separate analysis of fhe instruments
were factor analyzed!:and these eleven fﬁctor scores were treated by
profile analysis to group teachers with similar profiles. In turn,
Soar explored the relation between programs and teacher profiles and
ber jeen teacher profiles and student outcomes. In another aspect
of tﬁe study, factor scores were related to student outcomes by grade.
In the major scpdy; highly significant differences in classroom
behavior were, found to-be assoclated with differences in program spon-
. sorship, as weli as differences among grade levels. Soar reports that
. '"of the 39 factors produced from the six instruments, 36 either dis-

criminated between sponsors or between grade levels" (p. xxi). He
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“

concluded that 'the measures possess conglderable discriminating power,
and also that sponsors have been successful in creating very different
milieus for learning" (p. xxi),

The set of pupil achievement measures administered by Stanford
Research Institute differed somewhat across grade and testing periods.
As before, subtests from the various tests were gagigned to categories
representing simple~concrete, skill, and complex-abstract achievement.

A close examination of the data revealed that for some pupils a

ceiling effect was apparent, and Soar elected to eliﬁinate such gtﬁdenps
from the analysis. Unlike the earlier study, regressed gain was cal-
culated separately by sociogconomic status and ethnic group.

Soar reports linear relaticnships between élassroom'pxocesses and
student outcomes, but allots very little space for discussingﬂnonlinear
relationship;: "when curves were plotted for the current data, inverted

: . -
'U' s were found in_some‘cases, but upright 'U'suwere found at least
as frequently" (p. 202). Soar notes that some of the third-year
curvilinear findings differed from prior findings.' In response to
this, he discuéses the methodological ard sampling differences from
study to study and suggests that such differences could possibly account
for discrepancies in findings. One should note that, in a review
of curvilinear findings across four of his studies (Soar & Soar, 1976),
the results of this ;hird-year study were ignored while the éatlieg
resulta were diveunsed, ‘

In a study concerned with the relationship between classroom
behavior, pupil characteristics, and pupil growth during the school year

)

L d ,s

19



and over the summer, Soar and Soar (1973/1975) made the following

predictions:
!
1. Measures whicn reyresent teacher control or structuring of the

classroom are ‘likely to be related to pupil cognitive growth
in nonlinear fashion. ’

2. The point on the classroow behavior dimension at which max—
imum pupll growth occurs is hypothesized to shift wita the
complexity or abstractness of the learning objective, -vith
the maximum growth of more abstract objectives being associated
with less teacher control than will be true for more concrete
objectives.

3. VYtersonal characteristics of the pupil such as socio-economic
status, anxiety, dependency or impulsiveness will influeiice

(interact with) the level of classroom behavior which ig op-
timal for pupil growth in a particular learning task. (p. 10)

Eighty-one fifth grade and twenty-one first grade cla;srooms were
visited during the late fall and winter by pairs of observers who
collected data for the same four observation systems and classroom rating'
measures as were described in Soar (1971). The observational data were
factor analyzed and.eventually reduced'to‘a se; of eleven factor scores:
negative control vs. orderly classrsom; teacher control, varied inter-
action; expansive teaching; pupil initiation; free movement and positive
affect with little focus; tegcher choice of problem; seat work without
teacher; unnémea; higher level cognitive activities; teacher extended

_ £y
lecture; and recitation. All students were administered a fall pretest
battery, a spring posttest battery, and a second posttest battery the
next fatl. Fifth graders were administered achievement tests in reading,

vocabulary, spelling, and arithmetic concepts; personality tests for

20

€



dependence, anxiety, school achievement motivation, locus of control, and
impulsivity; a creativity test; measures of attitudes toward self

and school; and an IQ measure. The battery administered to first

graders consisted of two achievement tests and measures of self-

concept and impulsivity., Pupil data were reduced by calculating.a
regressed gain measure that regressed posttest score on pretest score

. for subgroups éf pupils identified by IQ level, sex, and race for

the fifth grade and by SES, sex, and race for the first grade.

Due to legislated changes, the fifth grade school=year and
. N .

summer process-product substudy involved only fifty-nine classrooms.
Classroom p;ocess factofs and a priori composites'were correlated
with student outcomes. The factor scores were then usgd in stepwise
multiple régression to explore 1nteractigns and nonlinear relatidns.
Significant nonlinear results were tested separately and plotted by
polynomial regression analysis. If the plot suggested an uprigh; or
tnverted U, the significance of deviation from linearity was tested.
Parallel procedures were used to study school-year and summer growth
for the first grade’sample.

Results for the fifth grade school-year substudy revealed that
dapproximately equal numbers of significant zero-order relations were
Pound tor cognitive and noncognitive variables, and "the nonlinear and

interaction analyses accounted for relatively larger numbers of sig-

nificant relationships than tiw lincdr analyses did (a ratio of 1.5

to &) (p. 143).
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‘ // Recitation did not relate linearly to the criterion measures but
:did relate in a strongly nonliaear fashion to scveral measures of achieve-~
ment and sé1f~concept. An examination of the curves revealed that
intermediate values of recitation were functional, but either too little
or too much was not., Soar and Soar indicated that there was limited
support for the "differentiated U hYpothesis," the second of their

predictions. In summhfizing their results Soar and Soar stated:
>

The integrating thread, and an implication for teaching, appears

to be the conclusion that there is an optimum level of structure

and control in the classroom, whether by an intermediate value of
onevbehavior or a combination of a behavior that structures and a
behavior that does not, which has desirable outcomes for pupils,

both cognitive and noncognitive. (p. 143)

©

Results for the summer substudy indicated that the number of linear

relations did not exceed chance expectancy, but that nonlinear and inter-
\

active relations were more than four times the amount expected by chance.

Pupil initiation was nonlinearly related to student growth over the summer.

Results for the first grade substudy showed that achievement gain

~

was related to moderate amounts of task focus in a. positiverclimate

Ny

and to a4 proper match between task difficulty and pupil ability. Self-
concept growth was relatéd to intermediate amounts of gentle gpptrol in

4 positive climate. Over the summer, self-concept was related to

bk
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, discﬁssing these findings Soar and Soar. argued'

<

intermediate levels of gentle control. In reflecting on their results

Soar and Soar suggested:

The methodological implication of these data appears to be a strong
argument for the importance of analyzing classroom data iriter-
actions and nonlinear relations, since linear relations apparently

* Trepresent only a small portion of the meaningful variance in class-
room behavior and its relation to pupil gain. (p. 149)

¥ .
Soar and Soar (1976) reviewed four of their studies (Soar 1966,
1968; Soar ; Soaf;‘1972; Soar & Soar, 1973) in an attempt tc identify
consistent mfeasures of teacher effectiveness. They reported that in

all four studies nonlinear, inverted U-shaped relations appear "to

" represent teacher 1imit;tion of pupil freedom in the development of

subjec( matter and thought" (p. 263). In three studies differentiated
U-shaped relations were found, indicating that '"different kinds of
pupil learning varied in the amount of teacher structuring and limit

setting which was assocjated with greatest pupil gain" (p. 261). In

. e d

4

Although linear relationships have most often been used in studies
of teaching effectiveness to identify relationships between class-
ﬁpﬁ beRavior and pupil gain, it seems clear that they are limited
-t he extert to ‘which they can help us answer the question of
‘what good teaching is. They are simplistic in implying.that if
some of a-behavior is good, more is better and once the question
is raised, ic becomes difficult to imagine very many behaviors
for which increasing:amounts would be unqualifiedly good. (p. 263%)

'- .
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A related issue is that of "Qniversal prescriptions" for increasing
teacher effectiveness, which the Soars believe is of questionable ugé.

In the studies thus far reviewed, it 1s perhaps safe to say that
the sheer number of nonlinear process-product functions reportéd has not
necessarily been overwhelming, considering all of the classroom behaviors
that were examined. 1In part, it is the result of methodological choices--
for example, as when Soar (1968, 1971, 1973) only reports quadratic ..
functions h;ving clear inverted or upright U shapes, or when he reduces
large batteries of outcome measures to only three levels of cognitive
complexity, or when large quantities of classroom data are reduced by
him into factor scores. From prior research one comes away with the
impression that there are a few highly consistent nonlinear findings.

This impression, however, changes dramatically when the nonlinear
data reported by Brophy and Evertson (1974b) for the Texas Teacher
Effectiveness Project are examined closely. ‘In their report of
the reanalyses of presage-process—product data previoﬁsly analyzed
ln terms of zero-order correlations (Brophy & Evertson, 1974a), Brophy
and Evertson (1974b) present some 15,000 functions or coefficients. Of
these, so many are clearly nonlinear that it is not easy to come away
from the data without a sfrong belief in the need to employ nonlinear
analysis in process-product research.

The Texas Teacher Effectiveness Project was a two-year, replicated,

naturalistic-correlational study of the relationships between presage
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and process variables and student growth in the second énd third grades.
Only those téachers whose "teachér'effectiveness" was stable over a
three~year period were observed. Thirty-one teachers were included in
the first year of the study and twenty-eight in the second. Four obser-
vations by observer pairs were made the first year and fourteen the
second year. Both low and high inference measures were used to assess
teacher behavior: the Brophy-Good Dyadic Interaction Observation System,'
Emmer and Peck High Inference Rating Scale, High Inference Coder' Check-
list Variables, Time Utilization Measures, High Inference Coder Ratings
of Teacher Characteristics, Coder Ratings of Lesson Presentation
Variables, Low Inference Process;Variables, etc. Five subtests from the
MetrOpélitan Achievement Test (MAT) served as criterion measures; residual
gain scores were used as the indicator of schooling effects.

The data were presented, where approp;iata, in terms of year of
study, SES, and MAT subtest. It is not possible here to summarize even
a fraction of Brophy and Evertson's'findings; however, it is meaningful
to review their conclusions regarding nonlinear analysis:

The findings of the present study . . : point to the need for routinely

investigating nonlinear as well as linear relationships between

teacher behavior and student cutcomes. . . . The present study

has shown that many relationships which do not appear in corelation-

al analyses are revealed when nonlinear analyses are performed, and,

more importantly, that most teacher behaviors are related non-
linearly to student outcome measures. (pp. 166-167).

o

Among the more recent studies using nonlinear analysis is the NIE

funded study of Calkins, Godbout, Poynor, and Kugle (1976). Calkins and
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his associates explored methodological issues and problems relevant ﬁo
teacher behavior'reaearch. These researchers interested themselves
primarily in examining relationships between variability of teacher be-
havior (i.e., the variance of the distribution of values of observed.
teacher behavior) and student achievement as meahured by a series of
mathematical subtests. More spgcifiéally, it was the intent of the
study "to investigate the linear and quadratic ‘:entribution of the mean
and the variance of the distribution . . . as pr.7ictors of student-
achievement" (p. 3).

Process data were collected in thirty-two high-SES fifth grade
classrooms by use of the Global Rating Scales (GRS) and the Teacher
Practices Observation Revord (TPOR)--high and low inference instru-
ments, respectively. Observation data were ovtained during the spring
gemester in three sessions of math instruction. The;e data were processed
by obt#ining & mean and a v#riance for each scale for each teacher by
collapsing the data across the three observation periods.

Student achievement data were collected on project-designed in-
struments during fall and spring instructional periods. Tha mathematics
test consisted of a total of thirty-three multiple-choice items designed
to assess six content areas. A multiple regression technique with
pretest performance being entered first was used to obtain correlation

data.

In a discussion of their results, Calkins et al. indicated: "Siucc
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. the ﬁhmber of statiatically significant relationship; is s0 low, it is
probably unwise to interpret these results as evidence of 'real' re-
lationships, as they could conceivably all be Type I errors" (p. 16).

¢ An gxamination of results reveals that, for the mean as a statistic,
onf& 1 out of 77 quadratic analysés of GSR data was significantﬂat the
.05 level oi confidence, and only 12 of 434 quadratic tests involving
the TPOR data reached significance. For the v#riance as a gtatistic,
the results respectively were: 2 out of 77 and 12 out of 434.
| Because of the above findings, Calkins et al. did not attempt to
interpret their results. But it is of some interest to note that
fifteen of the twenty unique TPUR items that Calkins et al. found to be
significantly linearly related to outcomes were also the same TPOR
factors that Soar (19735 found to be usually significantly related to
"8ki11" learning; ten of the eleven nonlinear relatioﬂships were simi-
larly related to "skill" learning as defined by Soar. Since one could
interpret the mathematicé testa used by Calkiﬁs et al. essentially to
be tests of skill, it would appear that their results are not without
some éupport from prior research In effect, there appears to be some
measure of consistency betpeen the findings of Calkins et al. and those
of Soar (1973), which suggests that the results of Calkins et al. shouid not
be regarded as due simply to chance. Of course, aven thls observation

must be tempered by the exploratory nature of this latter analysis.
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Tests of linearity have also been used to assess the nature of
process-product relationships when classroom observations were not
employed and teacher self-reports were the only soﬁrce of data (Loucks,
1975). 1In this instance, self-report data serve as proxies for data
collected by use of direct observation. Loucks (as reported in Hall &
Loucks, 1977), in exploring the relationship of "Level of Use" (i.e.,
the level or stage -at which an innovation or treatment is being imple-
. mented) to schooling effects (i.e., achievement in mathematics and
reading), reanalyzed data collected by Watkins and Holley (1975)
congerned with teacher self-reports‘on issues related to individwaliza-
tion of instruction in the classroom.

In the original study, a total of 134 second and fourth grade
teachers in twenty-two schools were interviewed in respect to Level of
Use of certain concepts related to individualization. Teachers in ele-
ven of the schools that had off;cialiy implemented Individually Guided
Education (IGE) were assigned to the IGE group; the remaining teachers
were assigned to the non-IGE group. Based on interview data, teachers
were classified as to one of eight possible Levels of Use categories:
(1) nonuse, (2) orientation, (3) pfeparation, (4) mechanical use, (5)
routine use, (6) refinement, (7) integration, and (8) renewal (Hall &
Loucks, 1977). Loucks (1975) reports that conventional comparisons of
achievement between the IGE and pnon~IGE groups, using one-way analysis
of variance, did not result in any significant differenzes between

Rroups regardless of subject area or grade level.
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A reanalysis of the data on the basis of user and nonuser categories
resulted in an altogetlier different set of outcomes. For example,

For the second-grade sample, results of analysis of variance

indicated that all users of individualized reading showed

significantly greater achievement than all nonusers; there were

no statistically significant achievement differences between

users and nonusers of individualized mathematics. (liali &
Loucks, 1977) ' .

&

By break%ng the Levels of Use dimension into morv discrete categories, "the
question of whether the pupils‘of teachers at some Levels of Use have
greater achievement than those at other levels was eiplored" (Hall &
Loucks, 1977). Loucks (1975) used a test of.linearity on the second

grade sample using raw status attainment scores (i.e., postachievement
scores in mathematics and reading). The analysis indicated that second-
order curvilinear relationships (i.e., quadratic) provided the besg fic

for teacher Level of Use of individualized instruction and student
achievement.

The relationships between Level of Use and achievement in mathematics
and reading differed, however. The curve for mathematics is best des-
cribed as J-shaped; that is, the mathematics achievement scores gradually
increase from some midpoint in Level of Use. The curve for reading is
best described as inverted U-shaped, that is, reading achievement in-
creases gradually until it peaks at about the midpoint in Levels of Use
and then decreases gradually. (It should be noted that it is possible
that the reported analyses of variance results are in error, or less
likely, that the curves are mistitled. We were unable to confirm this

suspicion at the time of this writing.)
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Summar

Solomon, Bezdek, and Rosenberg (1963) were perhaps- the first to
explore the issue of nonlinearity in process-product research. . They
found that in adult learning centers an intermediate level of “permis-
siveness" produced higher levels of achievement gain than did either
extreme. Soar (1966),‘who must be given credit for bringing nonlinear
analysis methndology into the mainstream of process-product research,
found a "differentiated’ nonlinear relationship between classroom pro-
cesses and various student outcomes differihg in complexity. More
specifically, he found that different amounts-of teacher control appear to
be optimal for growth in tasks differing in complexity. Higher levels of
teacher control are needed for optimal growth in relatively concrate-
tasks than are optimal for more skill-related tasks, and a still lower
level of control s optimal for growth in creétivity.

In 1966, Coats presented analyses showing nonlinear relationships.
Thompson and Bowers (1968) also reported nonlinear results, but for
creative outcomes. In a reanalysis of his 1966 data, Soar (1968) again
found indications of nonlinear relations. Then in a series of studies
dealing with Project Follow Through programs (Soar, 1971, Soar & Soar,
1972; Soar, 1973), more nonlinear results were reported.. These findings
were supported by the results of the Soar & Soar (1973) study of school=
year and summer student growth.

The Brophy and Evertson (1974b) study is perhaps unique for the sheer
number of nonlinear results reported. Their resuits contain a compelling

number of nonlinear functions.
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Among the more recent studies using nonlinear analysis is that of
the NIE~funded Calkins, Godbout, Poynor, and Kugle (1976) study, which
explored methodological issu;s related to teacher effectiveness, as
well as that of Loucks (1975), which used proxy process data to study
"Level of Use."

It should be clear from the foregoing that researchers have become |
increasingly sophisticated in the usa of nonlinear ﬁethodology. For
example, Chi-squére and analysis of variance techniques were used in
early s;udies to infer curyilinearity; nowadays, polynomial regression
analysis is employed instead. It is also inter;sting to note that
many of the studies reported above represent secondary analyses of

data collected earlier, often by other investigators.
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ILI. THE STALLINGS AND KASKOWITZ STUDY

}

In their report, Stallings and Kaskowitz (1974) addressed two
questions of educatioﬁal importance: (1) Has a variety of important
educational programs (Planned Variation) been implemented in diverse
sites across the country? and (25 If these educafional models have been
installed, how have they affected the growth and development éf children?
Included in the study were seven models representing a wide range ot
innovative educational theories: two behavioristic models-(tge UﬁiVursity
of Kansas and the University of Oregon), ; model based on the Pilagetian
theory (High/Scope), a model based on the open educati&n theory
(Education Development anter), and three oiher models, each having its
own particular combination of theory and practice drawn from Piaget,
Dewey, ani1 the English Infant Schools (Far West Laboratory, Uni#ersity of
Arizona, and Bank Street). JApproximately twenty first grade and twenty
third grade classrooms for each of seven Follow Through sponsors at five
or more sites per sponsor were sampled for the study. Since the class-
room implementation of Follow.Through programs was to be evaluated in
terms of the significance of differences between each Follow Throﬁgh
sponsor's classrooms and the non-Follow Through classrooms, thirty-five
flrét grade aﬁd thirty-six third grade non-Follow Through classrooms were
also included in the studyv.

The Follow Through Classroom Observation Instrument and other pro-
cedures were used in collecting observatiou data that provided the basis

for assessing: (1) the extent of implementation of the sponsor's

LA
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models, (2) the relative exportability of the models, aﬁd (3) the relation-
ship of classroom process gnd,éhild outcomes. The Classroom Observation
Instrument contains three major sections: (1) the Classroom Summary
Information (CSI)section, (2) the Physical Environment Information (PEI)
section,gand (3) Classroom Observation Procedure'(COP), which consists of
three parts--~the Classroom Check List (CCL), Five-Minute Observation
Preamble (PRE), and Five-Minute Observation (FMO); Trained'oﬁser;ers
collected data on three separate occasions for a full day each time. The
first two days were devoted to #ctivity/adult—focused observations and

the third day was used for child-focused observations. The CSI and PEI

were completed once and the remaining schedules were. completed four times

an hour.

-

Classroom Implementation

‘, Program implementation in the clasaroom was judged on the basis of

-two criteria: (1) the extent to which sponsor's classroom were found

to be uniform on selected implomentation variables, and (2) the exteht
to which a sponsor's classroom differed from the traditional non-Follow
Through classrooms in the same variable.. Stallings and Kaskowitz
developed a 1list of variables that were descriptive of each sponsof's
model, and associated the variables with specific items in their
systems. A pool of non~-Follow Through classrooms was used in estab-
lishing standards via a nonparametric scaling technique. For each
sponsor's classroom, an implementation score was computed for each of
the sponsor's variables by referring to the standards establi;hed on

the basis of non-Follow Through classroom data, These scores were then
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uéed for further analyses.

Stallings and Kaskowitz found that the great majority of teachers
were conforming to sponsor specifications in implementing programs. In
addition, the sponsored programs could be distinguished from each other

along important classroom practice dimensions.

Instructional Processes and Child Outcomes

Using 108 first grade and 58 third grade Follow Through and non-
Follow Through classrooms for which baseline test data on the Wide Range
Achievement Test (WRAT) were availabie, partial correlations between
classroom means on instructional processes and scores on the Metropolitan
Achievement Test (MAT) were computed holding WRAT scores constant.

Stallings and Kaskowitz reported that high reading and math scores
were associated with more-structured, teacher-initiated classrooms (in
both first and third grades), small group instruction (for first grade),
large group instruction (for third grade), positive corrective feedback,
and the time children spent on reading or math activity. :

Stepwise regreéssion anal&ses were performed t§ asséss tge-amount of
variance accounted for by proces; variablés, beyond that which was
accounted. for by the WRAT, by entering the WRAT score fitst in the re-
pression equation. The WRAT scoré explained 17.to 50 percent of the
variances of the MAT first and third grade mathematics and reading
scores. A set of ten process variables in the first grade and eight

in the third grade accounted for an additional 43 to 64 percent of the

mathematic score variances in the first and third grades respectively.
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Eight process variables accounted for an additional 23 percent of the
reading variance in the first grade, and seven process variables for
37 percent in the third grade.

Based on those findings, Stallings and Kaskowitz concluded their

. study thus:

The Follow Through program of planned variation is being
implemented, and . ., . the' seven sponsored models considered in this
report are each working to the advantage of children-—-not by chance
but by careful design. (p. 346)

—
e —




IV. METHODOLOGY FOR THE REANALYSIS™?

) Technical aspects of the current secondary analysis of the )
. e
Stallings and Kaskowitz (1974) first grade data are described in this
section. First, the data set is described, and second, mechodology

and procedures used for the data reanalysis are outlined. S

Data

L)

It was orginally intended that this reanalysis would only deal

with a subset of the Stallings and Kaskowitz data. Dats eithef from

tle first or third grade were to be analyzed only for a limited set '

of the classroom variables. Further limitations were caused by data
Inaccessibility, time, and budgetary constraints. For example, it

was the authors' intent to utilize individual student data to calcu-
late residual scores fé} some part of the reanalysis. ‘s it turned out,
the author's initial plans were changed because student data.were

not readily accessible and were too costly given budgétary %imits.

One other consequence of not obtaining in?ividual.studanthdata was

the inability to relate selected classroor variables té measures
differing in complexity within an achievement area; the scores

readily available from SRI International were only for total mathe-

~ matics, total reading, and word analysis.

Data tapes at SRI International were in binary mode and thus
suitable for a CDC 6400 system but not for t®e IBM/370 system employed

by RBS. It became necessary to convert the Stallings and Kaskowitz
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Residualizing MAT Mean Scores on WRAT Mean Scores

One way of statistically controlling for unequal initial ability
is to employ residuaiized scores (e.g.,.Bereiter, 1963; McDonald &
Elias, 1474). In an analysis of Project Follow Through, Soar (1973)
employed residualized scores; but to deal with tﬁe problems of group
differences, he calculated separate residualized scores for subgroups.
However, due té the lack of access.bility of data at the individual
student level, subgroup residualized .cr ~es could not be computed for
this.geanalysis. Residualized scores were computed by regressing MAT
class means on WRAT class means. This latter approach enabled ;he
results of this réanulysis to be qompared with the results from the

Stallings and Kaskowitz primary analysis.

Statistical Analysis

In keeping with the Stallings and Kaskowit~ study, the reanalysis
was performed on the basis of data from the 108 classrooms that ‘had
both WRAT and MAT scores and an attrition rate of less than 80 percent. .

The following set of steps was employed for the reanalysis:

/
Step 1. Classroom mean scores on MAT Reading and MAT Mathematics were

regressed on WRAT mean scores, and residual mean scores were
obtained.

Step 2. Residual mean scores were matched and merged with classroom
process variables, and eacl classroom process variable-
réesidual-mean-score pajr was plottel (with a missing data
oation), using the SPSS Scattergram Analysis program (Nie,
Hill, Jenkins, Steinbrenner, & Bent, 1975) Zero-order cor-
relations were produced as a by-product of this program.



- data from the binary mode to a "character” mode to make it compatible
with RBS's systems. The time and costs involved in this activity also
led%o a number of trade-offs from original ;n;gn:;oqgg;geve; variables
were selected for reanalysis and all word ani?xgis data were excluded
from the study. ‘ h
A total of seventy-fi&e variables, selected from the Stallings
and Kaskowitz data, were converted into a “character" mode and reanalyzed.
These variables were selected on the basis of their compatibility
with RBS's intentions to assist states to improve basic skills instruc-
tion. The selected variables are listed on-Tables 1 through 11;
the identifying numbers included there are those. used by Stallings
and Kaskowitz in their report. 9nly total mathematics and total
reading scores were employed as criterion measures for this reanalysis.
Data from 108 first grade classrooms out of:the original set of ' e
171 (for which observation data were available) were retrieved for -
reanalysis using the same selection criteria Stallings and Kaskowitz
used: (1) both the WRAT and MAT had to have been administered to the
class, and (2) the attrition rate from fall to spring testing must have

been less than 80 percent. Data meeting these requirements were analyzed

according to the procedures described below.

Methodology and Procedures

This section describes the methodology involved in computing

residualized scores and the steps involved in the statistical analysis.
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Step 3.

 Step 4.

Step 5.

Step 6.

4

Each scatterplot was examined for the appearance of non-
linedr relationships.

Upon ingpection, fifty-three of the original seventy-five
varighles seemed to be possibly nonlinearly related to

either reading residual mean scdores or mathematics residual
scores and therefore were entered into the polynomial
regression analysis. The BMDP5R program (Dixon, 1975) was
used because it gives a summary table of goodness-of-fit
statistics and scatterplots of observed and predicated values
in respect to the independent variable (process variable).

At first, each process variable (X.) was raised to the fourth
power term (X{ 4) and entered into the regressio:. analysis. The
form of the regression equation was:

2 3 4
Y?: = BU + BZX?: + BZXi + ngi + B4X7: + e,

A summary table of goodness~of-fit statistics for each fitted
polynomial was reviewed, and those process-residual mean score
pairs that showed the best fit at the second or third degree
were reanalyzed to the degree of the best fit (see Kerlinger &
Pedhazur, 1973, p. 213). The square of the multiple correlation
(R?) and the multiple correlation at the best fit degree were

computed from the summary table. The bést fit polynomial function - - -

was traced on each of the scattergrams,

Since zero-order correlations between residual mean scores and

. process variables are known to be equivalent to partial

correlations between posttest mean scores and process variables:
using the pretest mean scores as a covariate (Linn & Slinde, 1977),
it follows that the zero-order correlations obtained for this
reanalysis should be equivalent to Stallings and Kaskowitz's
partial correlations. A comparison of the correlations from the
two analyses was made in order to check the accuracy of the
analysis. The results of this comparison reveal that in only
four of the instances in which data were available for com-
parative purposes was there a discrepancy greater than .02 (an
acceptable level of divergence, given rounding errors). Perhaps
the remaining differences are due to the use in this reanalysis
of a missing data option.
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V. RESULTS OF THE REANALYSIS AND DISCUSSION

ln Section V, tine results of the polynomial regression reanalysis
of selected variables from the first grade subset of Stallings and
Kaskowitz's l08-classroom data set are presented. In order to discuss
tie results in a meaningful way, the selected classroom process variables
are grouped according to the categories (or constructs) developed by
Ruff (1978). Thus, the discussion of the reanalyses and the accompany-

ing tables is organized under the following constructs: time, instruc-

tional organization, monitoring, management, teacher questioning, teacher
reactions to pupil response, pupillresponse patterms, teaching acti/i~
ties, structure/control, feedback, and qualities of environment. Under
edach construct, the results are generally presented in the order: con-
struct description, listing of included variables, presentation of analy-
sis results, interpretation of the results, and discussion. Since re-
views by Rosenshine (1966, 1967) and by Berliner and Rosenshine (1977)
make a number of statements relative to the Stallings and Kaskowitz
results, those three reviews are frequently cited in the.discussion of

the findings. \

Understanding the Tables ' \

Each of the following tables, designed to summarize the'reanalysis
results for one of the constructs listed above, contains the following-
data: (1) a description of the process variable, (2) correlational data

relating process variables to mathematics achievemeut, and (3) correla-

40

44



v

tional date relating process variables to reading achievement. In the .
"process variables'" columns, variable names and identifying numbers
(which are the ;ame 48 those found in the Stallings and Kaskowitz report)
are preseunted along with the wean, the standard deviation, and the range
- tor the listed process variable. The subscripts "a" and "c¢'" attached to
some of the iuentifying numbers represent either an adult-or child-fo-
cus relative to classroom observations.
Presented in columns headed "r' are correlation coefficientq re-
presenting the association between process variablés and mathematics
or reading residual scores. A coefficient of + .19 or larger is sig-
uificant at the p < .05 level. A single coefficient indicates that thg
:ero-brder correlation computed in the reanalysis was identical to
Stallings and Kaskowitz's éartial correlation coefficient. If two coef-
ficients are listed, they are in the form "secondary analysis result/primary

aﬁalysis result,” and indicate a discrepancy between the results of the

primary and secondary analyses. If a relationship was found' to be

nonlinear, the highest power term entered in the best-fit:ing regressgion
equation is noted in the column headed 'Degree"; the symbols x, iz, x3,

and xa represent linear, quadratic, cubic, and quartic equations, re-
spectively. The shapes of curvilinear functions, reproduced from computer-
generated scatterplots through xerography, are also illustrated in the tables.
Multiple regression correlation coefficients that are significant at the p .05

level are presented in "R" columns. The computer scattergram plots are

themselves provided for in figures locafed either throughout the body of this
#
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sect.on or in'the Appendix. Linear functions are not illustrated on the

chart;, their slope can be determined, however, from the "r" coefficient.

Time

[t is widely acknowledged that time 15 one of the more iqportant
factors influencing student achievement in reading and mathematics.
For exémple, time is the central element of Carroll's (1963) schooling
model .and of the Wiley and uArnischfeger (1974) model. In the Cooley
and Lohnes (1976) modei. time is the major component of their "opportunity"

-

construct,

Recently, many researchers hawe begun to distinguish between the
absolute time spent in school (which is calculated from s;ch indices
.+ average daily attendance, length of ;chool day, and length of school
year) and the use of time in the classroom (Berliner & Rosenshine, 1977;
Gow, 1977; Medley, 1978; Rosenshine. 1976, 1977). Tﬁo_of the Stallings
and Kaskowitz Qariables‘ﬁhat were reanalyied fall-under the “timed con-
struct. These are the percent of the school day the child sﬁent on
task-related mathematics or readiﬁg activities, that is, "percent of
cnild time spent in numbers, math, arithmetic (66)" and "percent of
child time spent in réading. alphabet, language development (67)."

Table 1 indicates that the percent of child time spent in mathe- *
watics activities has a curvilinear relationship with mathematics

residual mean scores, but that the percent of child time spent in reading

activities has a high positive linear relationship with reading residual
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Table 1

Summary of Process-Product Relationships: Time

: Process Variables Hathcﬁatica Reading
No. Name ) - Mean S.D. Range r R Degreﬁ Shape r K Degree Shape
66 | Percent of "child cime” [16.43 | 8.06 | 0.0 - .28/.29 |.37 | «2 N SR B (VAN

#spent on numbers, math, 57.9 :

arithomtic activities ’ S
67 Percent of “child time" 44,72 15,40 13.07 - .18 ) x .40 x

spent on reading, alpha- 76.65 Wt

‘bet, language develop- :

ment activiries

L}

*A1l "r" coefficients of * .19 or above are significant at the P < .05 level. All "R" coefficients are
significant at the p < ,05 level. ' :

»H
w
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mean scores. Figure 1 appears to indicate that as the percent of time
spent in mathematics-type activities increases, so does mathematics
achievement, until a peak'is reached when about 30 percent of the school
day is'devot?d to such activities; thereafter, students' math achieve-
ment decreases as the percent éf time spent on mathematics-related acti-

vities increases. The optimum-amount of time for first grade children's

work on mathematics-related activities seems to be about 18-30 percent . .

of a school day; more time than this appears to have diminishing

marginal. utility.

-

Reading achievement findings agree with earlier resul.ts and

support the conclusion of the primary analysis; tha. 'is, “ehildren who
performed well on tests of reading . . . seemed to be in classrooms
where more time was spent in developing academic skills" (Stallings

and Kaskowitz, 1974, p. 300). It also is in agreement with both Rosen~-
shine's (1976) statement, "the stronger the academic emphasis, the
stronger the academic results" (p. 345), and with findings that greatey
amounts of instructional reading time were beneficial for low-SES
children (Guthrie, in press).

On the other hand, the curvilinear relaﬁionship found to exist be-
tween time spent on mathematics-related activities and mathematics
achievement seems to be more in keeping with the research findings of
the Soars (Soar, 1975, Soar & Soar, 1976), rather than with the Rosen-

shine and Stallings and Kaskowitz statements reported above. The Soars
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suggest that increasing the amount of time spent §n academic activities

beyond a certain point may produce only marginal returns. The quadratic

curvilinear relationship between mathematics achievement and time spent
»  on mathematics-rélated activities seems to go beyond Soars' interpre-

n ‘ tation. However, it should be noted that the function, which is categor-
ized here as an inverted U shape, appeérs to resu;c from data from one
oﬁ;lier classroom. If this'outlier claséu om is disregatded. the resulting
function und§ubted1y would be linear. Tﬁis suggests that the inverted

U function reported here needs to be confirmed by additional data.

Instructional Organization

Ruff (1978) used "instructional organizdtion"-to refer to the way
tea:ﬁers group students for instruction. In this study, Stallings and
Kaskowitz identified four basic grouping patterns: one child, two chil-
dren, small group (three to eight children), and large group (nine or
more children). Seven of the fourteen process variables assigned to &h&s
éategory are from Stallings and Kaskowitz's original set of variables;
the remaining seven have been newly aggrezated for this reanalysis.1 The
origlnal variables are the first seven listed in Tauvle 2. Newly aggre-

gated variables are listed in the next half of the Table and have the

1Due to budgetary and time constraints, the authors determined that they
could not reanalyze separate’, all of the Stallings and Kaskowitz vari-
ables associated with this category. As an alternative, they elected to
establish indices by combining dimensionally related items; e.g., vari-
ables 86 (Teacher with one child), 87 (Teacher with two children),

88 (Teacher with small group), and 89 (Teacher with large group) were
combined into one inaex called "Classroom groupings: teacher-individual
child interaction time."
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Table 2

Summary of Process-Product Relationships:

Instructional Organization

Procens Variables Mathematics Reading
No. Name Mean $.D, Range r R Degree | Shape 1 4 R Degrec Shupe
15 Child/Teacher and Aide 11.06 5.30 4,11 - .08/.09 x .11 .29 x3 \"”\\
Ratio 29.00 . .
109 { One child with any adult Las | 153 | o.0- -20 | .39 x | -3 x
6.37
140 Total weight in math 213,86 | 130.76 0.0 - .35 47 x . //’~\\\ 022 -J;EK x3 _,/’\\\
groupings 891.67 .
142 All children withouy 28.59 26.07 0.0 - -.10 x -, 20 X
adults in wmath 84,78
163 Total weight in reading $7/.44 | 2068.15 1.7 - 1.318 x .40/ § n
| groupinga 13.00
164 Personalfized fnstruction 3.82 4.49 0.0 - -.22 x -.36/§ x
vithout adults {(n 22.00
reading ,
165 All children without 7.73 77.00 000 - "001 .36 x L——— "008, § tJl‘ 33 L\
.adults in reading 80.00 .
3
vi Classroom groupings: 23.75 | 11.&7 5.6l - |-.30/w x “32/Ww 40 3 ’ﬁ\\./
Pecrcent of teacher- 61.25
individual child
tntezaction time
v2 Classroom grouplngs: 23.52 9.98 7.26 ~ 1,22/ w .3 x \\\__// -.26/w x
Percent of adult- $2.67

indavidual chiia
interat{on time




)
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Table 2 (cont.)

Summary of Process-Product Relationships: Instructional Organization

hd A

Process Variables Mathematics Reading S

No. Hame ] Mecan S.D. Range L R Degree | Shape o R Degree Shape

vl Classroom groupings: 12,14 3.30 7.13 - 13w x O w x
Percent of chi{ld- 21.90
any adult incevaction
time

¥5 ‘tath proupings: Percent 5.38 4,46 0.0 -~ =06/ 22 x "‘\J/ -.06/ w x ’
of teacher-individual 20.35 .
child {nteraction time

vé dath gooupings:  Percent 13.40 $.33 0.0 - -.05/w x ~12/ w x
of child-any adult 25.00
interaction time .

v? Peallng groupingn: Per- 7015 2.50 1.25 -~ | -.18/w +26 x‘ \’"\\/ -.19/ w + 29 x‘ \"\\V
cent of teacher-ind. sid- 14.59 )
ual child f{nteraction
tine

\1] Reading groupings: Per- 13.14 4.35 4.11 - 04/ .16 x" /~\ |-.06/w x
cent of chfld-any adalt 22,50
interaction time

*All "r" coefficients of + .19 or above are significant at the p < .15 level. All "R" coefficients

are gsignificant at the p < .05 level.
: This variable is a new composite und was not studled as such in the primary analysis.

wle

i Stallings and Kaskowitz did net report these partial correlation coefficients.
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prefix "V'" .attached to their code listing. The firat three aggregates
(V1, V2, and V3) are related to ¢lassroom groupings fof all—day activi-
ties, the next two (V5 and V6) are related to math éroupings, and the
last two (V7 and V8) are related to reading groupings. An arbitrary

weighting system was used in aggregating variables: the sum of,(pef-

cent of the time an adult was with one child ), one-half of (percent

ol the time an adult was with two children ), one~fifth of (percent of
time an adult was with a small group ), and ome-ninth of(percent of
time 4n adult was with a large group). The results of the reanalysis
of these fourteen variables are sumamarized in Table 2. It éhould be
noted tnat this secondary analysis was not overly concerned with a

c¢lose examination of the relationship between mathematics-related

- process variables (i.e. mathematics groupings) and reading achievement,

nor with the relationghip between reading-related proqéss variables
(il.e., reading g;oupings) and'mathematicg achievement. Attention
instead was focused on an e;amination of the relationship between
content-related process variables and achievement in that content area.
Seven out of the nineteen relationships between instructional
organization variables and student aciievement upon which the reanaly-
sis was primarily focused revealed best-fit functions that were curvi-
linear. Both perceat of tine one child was with any adult (var. 109)

(see Figure 2) and the weighted peccent of time .adults spent with

children (var. V2) (see Figure 3) were found to have upright U-shaped curvi-

Linear relationships with mathematics achievement. This indicates
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that, for an individual child, either many child-adult contacts or none

at all seem to be ass;ciated with maximum mathematics achievement. -On

the other hand, as shown in Figure 4, thé number of children iﬁvolved

in mathematics on all of the observed.days (var. 140) has an i;verted U~

shaped relation to mathematics achievement., Although Stallin;s and Kaskowitz -
reported that this variable "also had high positive correlations with all

of the mathematics test scores" (p. 283), the present reanalysis results

e

suggest that there may be optimum levels of ch;ld involvement in makhe~
matics activities. lLowever, becauéé an outlier again is involved, these
results must be regarded as tentative only. - ' .f»
The relationship between mathedatics achievement and thg percent of
time a teacher interacts with one child in ahy type of mathematics’
grdupings (var. V3) is illustrated in Figure 5 as a cubic function. There
is the possibility, though perhaps;a remote one, that the elimination of |
the outlier could result in an ipverted U curve.. As it stands, the data
seem to imply that there is an optimal level nf time that a‘teachér
could spend interacting with a single child. But this relationship is in need
of more study before conclusions can be drawn.
Each of the following variabl%s~-child/teacher and aide ratio ;
(var. 15), percent of time the teacher was with individual éhildren (var.
V1), and percent of time the teacher interacted with one child in any type of -
reading groups (var. V7)--has a significant nonlinear relationshin with reading
residual scores. Figure 6, which presents the relationship between

child/teacher and aide ratio (var. 15) and reading residual scores,

52

cr
e



. 'a\“. Ty - ' [y "
N
?
...-'—‘.-- ‘;.“.‘..'.... ’....'....’....’.'..0....‘...."...*...... ¢
[
30 o= *
. i v
L ] -
0.... .
R )
25 = + .
. L ]
— L
' [ ]
- 4
20 o= + : ?
C . ‘
- L ]
P .
R ‘e
.__“__E 15 mow + 3
0 .
1 .
[4 .
T . "
[4] +
..
A R
N .
D .
+
e .
8 .
s ; e
€ , ’
R -
v L]
€ .
D " .
L]
- +
-
L ]
[ ]
o e e - ; .
L ]
L]
+
L ]
L ]

}
i
|
1
;1:
L Y
~"Ny
~
<
L
'S
(X%, ]
(=]
L )
o
e}
!
£ -]
= t
]

:
|
!
i

. 0.0 160 360 540 720 990

fi;uro 4, The process~product function for "total weight in math groupings"
M/140) .

A




toeeootogesrtecosPocactocsoteisootocscatocontenes®one,r,

— ¢

3C agn N [ ] F

i —— - oy c . oo s - @ aa— . - - A W S e ——— |
25 .
20 - ¢
C e
P L ]
R v .
E 15__ ¢ - ! ¢
0 .
) - h .
c C 0 ‘o
1 g . . .
! 0 10 =y, N
C Q : / N
A u [ .
N C [ .
0 C o / .
£, =»CC [ ol o Q - . - ]
0 c o ccao 7 .
8 c_. (S Y .
S . ¢ g (ccc g / .
£ : 2P L C ¢ tao » .
R C. R o &
v <o oot M/ .
€ C C ¢ G 0 .
o} 1.0 cq [ .
c CLL ¢ ¢ ) .
g S 0 C ‘
C t c C L ] 14

4 19 C .
(Y v G .
—_ e cC ¢ .
-0 + . *
: ¢ )
(G .
. | c .
—en 2o A L ’
C .
N S . WD PR

Figure 5, The process-product function for 'math groupings: percent of
teacher-individual child interaction time" (M/V5).

v



24

18

12

DM T seot Ol2 B Ol 0~ o!lm xiv

~0.

Figure 6.

.000000’0000000oc*coc.’cooo0.000*0000’000000000‘0000

|

} Gl ¢ ¢ o @ o}

o v o B0 & o

|

;

L]
. .
00004»‘.0.0#0.0.000..400.

4

,,-/

e | <o

!o

o

!

1o efle ¢ ole o | e

The process-product function for " child/teacher and aide ratio"



shows that the optimum ratio is between fifteen and twenty-five children
per teacher/aide. The cubic nature of this variable .avites caution in
< .

interpretation since the function itself maybe due to an ;nteractioﬁ effect.
. Figure 7, which is descriptive of the relationéhip Bﬁfwean‘the percent
of “eacher time spent in interaction with individual children (var. V1)
and reading residual snorés, indicates that the opﬁimum percent of
teacher time that possibly should -be spent.in interaction with individual
children is between 12-24 percent per class day. The rel;tionship
betweeﬁ the percent of time.a child interacts with ggachefa in any type
of'reading group (var. V7) and reading tesidual scores (see Figuie 8) .
was found to fit a quartic equation. While there seems to.be a general
t;end for achievement to dgcline as the amount.of teacher-individﬁal
contacts increase, there are enough deviations from this trend to indicate
the need for additional analysis.

To date, the Stallings and Kaskowitz study has been a primar& source
:of data for reviewg:s who attempt to synthesizé.study findings on
teacher effectiveness or process-product resgarch correlations between
-Lnstructional organization variables and student achievement (e.§,.,
Berliner & Roser.hine; 1977; Gow, 1977; Medley, i978;'Rosenshine, 1976,
1977). These reviewers have generally indicated that instances of
children working alone, or of one or two children working with the
teacher or aide, were consistently negatively correlated with achieve-

ment. These reanalysis results, however, reveal that mathematics achieve-
ment increases as the percent of time one child i{s with any adult kvar.
109) or as the proportion of the time adults are with individual children
becomes very large (i.e., above 50 percent) (var. V2). The reasons for

these findings are
56

Q ‘3;} .




o, .
Q-

T ’oo’ococ‘ooo‘o’oooc’oocc'oooo’oooo’oooo*ccco’oocc'ocoo .
—M“’.é&—# T . ¢ e ks A @ W o Tes e w e tee & etes i e A cmmee | S e -ou—...—.——.—o—-’-
(M .
L mmmiee e —— e e it sos at 0 b im0t s b Am——. S’ *
. N
3 3N wim : ‘_ , +
264G og- +
IS
p * ®
R .
3 o
1] 18 == ’ +
1 0 .
C 0 .
t * A oo =R it
0 00 . e ]
12+ 0L o ¢
A - .
N .
D 0 0 0 0 .
0 00 Cu °
C &e o a e} -+
8 r - ] \ @
S .
3 o
3 .
\ Oe -y
E o
D .
o | "
—bhe Ww» +
. v
.t
-12 - ¢
.
U.“ .
) o .
mm— *“"»:"l 8 ;.. hiaaantheaiehdhing - mAmmemm s meneRE S ATTT + o~
oy - - . P‘ l l e ‘ ‘ - - o - ———— —— e
— b _'_ 1}3 ‘_““}). " ‘:2 4— t ‘
12 24 36 48 60
Ad . 'l-.‘
Figure 7-. The process-product function for 'classroom groupings: 3
Percent of teacher~individual child interaction time" (R/V1), !\

57

5¢



——————" Tt My @ —.

[ t v /
" H

1]

....’....’.........’....’....‘....*.’..’....’....’0..

[ X

36 t
: 3 '
[ X

3

L% .

[ .
R o
3 »
0 18 4
L .
c .
T °
0 o
AR *

A .
N °
0 .
(¢] ¢o L 4
8 o
S o
£ .
R o
L] 0o -+
E . .
o o .
-6; + *

12 +. +

2 0 0y

. 0 .

18 3 ry

Figure 8. The process-product function for ''reading groups: percent

- e

ledV_ _  4,5J

!Ol;ccoo’oooO’looo’..0.’!...’....’..!.’.ooo’ooo.’..

1. 50

Wes .. __13.>

X V1) t.CU

9.Cu 12.0 15.0

of teacher-individual child intergction" (R/VD).

58

65

~..



not all clear eince the nonlinear cubic relationships found between aggre—
gated variables and achievement are 3enexa11y difficult to 1nterpret. This

%
represents another set of relationships for which additional stuﬂy is needed.

» Y

Monitoring

* ' Monitoring is used here to refer to the supervising activities that
teachers perform te maintain student on-task behaviors. A lack of f
monitoring behavior on the'part of the teacher is sometimes inferred
from student‘behavior. The two process variables listed in'TaPIe 3
-for the monitoring eonatruct, that ie, "percent of time a child was
without adults (V4)" and "child self-instruction,”nonacademic (599¢),"
are suggestive of a lack of teacher monitoring-behavior. . Teachers may -

-. well object to such an assumption.

The first of these variables (V4) is a cempoaite of "one child
without adults,” "two children without adults," "small group of children
without adults,"'and "large gyoup of children without adults." ?his'

. complex variable has a quadratic relation with residualized mathematics

| and reading scores that may be becst described as. upright partial U-shaped

- ‘ . curves., As shown in Figures 9 and 10, the functions for both mathematics

and reading achievement indicate that residual scores drop.:apidly with

increases in the percent of. time that children--regardless of groupings--
are without adults; the scores level off at the'30 or 50 percent mark

and show a very slight but perhaps not highly meaningful increase there-

after. This process-product relationship is essentially a negative one,
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Table 3

Summary of Process-Product Relationships: ~ Monitoriag

Process Variables Mathematics Readiag
No. Nane Mean sS.D. Range r R Degree Shape r R Degree dtape
Ve |Perceat of tize a child was| 28.37 | 14.83 0.0 - |-31/w | .38 2 N |-30/0 (.30 x? —
without ad.lts 56.80
599¢ [Cu.ld self-instruction, 4.57 1 5.43 0.0 - +26 x -.18 . x
nonacadeaic 35.55
*All "r" coefficients of * ,19 or above are significant at the o < .05 level. All "R" coefficients are
significaat at the p < .0Y level,
g w: This variable is a new composite and was not studied as such in the primary analysis.
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without adults'" (M/V4)-as related with mathematics achievement.
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The second variable, which is entitled 'child self-instruction,
nonacademic'" (var. 599¢)," is negatively and linearly related with
residualized MAT scores.

Cirrent research (e.g., ifcDonald & Elias, 7976; Stallings & Kaskowitz,
1974), says Rosenshine (1977), "shows that unsupervised students are
less academically engaged than supervised students" (p. 14). This fact,
Ruff suggests, may parti.lly account for the negagive correlations of
lack of teacher monitoring with student achievement. The curvilinear
results found here, especially because of their consistency across
measures, should not be disregarded without further study. While the
results are not necessarily out of line with previous findings, the
slight upward turn in sgudent achievement with lack of "monitering"
behaviors suggest that this variable may interact with other

variables, or that the measure itself requires further refinement.

Janagement

According to Ruff, '"managcment refers collectively to all the
behaviors teachiers exhibit to form the ground rules by which instruction
and interaction occur in the classroom" (p. 26). The process variable
listed in Table 4 for this c?nstruct, that is, "adults involved in
classroom management (V9)," is a composite representing the percent of
occasions in which teacher, alde, and volunteer were involved in class-

room management. The correlation of this management variable with stu-

dent achlievement was low, negative,and linear.
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Table 4

Summary of Process-Product Relationships: Management

Process Variables Mathematics Reading
wo. Nare Mean $.D. Range r R Degree Shape r R Degree Shape
V9 Adults involved in class- | 8.40 6.98 0.0 ~ - 07/w X -.16/w x
room managetent 37,42

* All "r" coefficients of *+ .19 or above are significant at the p < .05 level. All "R" coefficients are

gignificant at the p < .05 level.

w: This variable is a new composite and was not studied as such in the primary analysis.
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The fact that this composite is negatively related to ach’.evement
1s consistent with previous findings. For example, Medley's (1978) re~-
view suggests that teachers whose students show the most growth tend
to devote less time to management behaviors than teachers whose students

are generally low achieving.

Teacher Questioning

The term "instruction" {is suggestive of a variety of tramsactions
that occur between teachers and students and between students and
materials. Verbal interactions are but one aspect of those transactions,
and teacher questioning is but one-aspect of the variety of verbal ex-
changes that may occur during iastruction. The process.variables listed
in Table 5, that 1is, "adult academic commands/requests and direct questions
to children (45la, 582c)" ana “adult open-ended questions to children
(452a, 583c)," reflect teacher questioning behavior with the observationsal
focus beiﬁg either on the teacher or tﬁe child. |

| Direct questioning is positively and linearly related to reading
achlevement, but curvilinearly related to achievement in mathematics.
These relatiqnships are consistent in that they hold regardless of the

focus (adult or child) of the observation. The nature of the

“curvilinear functions for mathematics achievqment may best be de-

scribed as inverted partial U-shapes. Figures 11 and 12 show that
these curves are very similar in shape. Suych a function suggests
that increases in dircct questioning behaviors (and in academic

commands/requests) are associated with increases in mathematics
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s * Table 5 '

: Summary of Process-Product Relationships: Teacher Questioning
Process Variables ‘ M Mathematics Reading

Wo. Name . Mean §.D. Range r R ﬂégtee Shape T R°] Degrea Shape
~5la Adult acadeamic commands/ 7.25 3.39 .0.15 - 25 «30 xz /"/~~ .26 x

requests and direct : 15.31

questions to children

2 .

832¢ Adult academic commands/ 2.15 1.70 0.0 - .32 .36 x //”—~ .35 x

requests and direct 8.80 ' :

questions to children

452a Aduit open-ended éueetions 0.36 0.34 0.0 - ~.,03 ' x ~.08 x
< to children 1.73 ¢
b [363: Acult open-cnded queécions 0.10 0.21 0.0 - ~-.04 x ~.05 x
to cafldren 1.50

*All "r" coefficients of * ,19 or above are significant at the p < .05 level. All "R" coefficients are
significant at the p < .05 level.
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achievement until some maximum is reached; thgreafter. they ars associa-
ted with diminished marg;nal returns., Thelimpllcations of such functions
are not unlike those for inverted U shapés, thougﬂ'less nggative; that
is, some moderate amount of direct qﬁestioning seems optimal and more

is simply not more effective.

Table 5 also indicates that adult oped~ended questions (vars. 452a
and 583c) have near zero correlations with ac@ievé%ent as measured in this
study.

It is not fully clear how the "direct question" variable.relates to
prior research. tledley (1978), for example, indicates that effective
teachers of low-SES pupils ask more lower order questiéns than ineffec-
tive ones do; However, it seems fgirly certain that the three facets 6f
this variable--namely, commands, rgquests, and direct questions-~-
occurred at such low frequency that Stallings and Kaskowitz probably
had to combine them. More research and/or analysis is required to

understand better the meaning of these current findings.

feachers' Reaction to Pupil Responses

This construct 1is concerned with téacher behaviors during
exchanges with students. The process variable listed in Table 6,
"adult response to child's question with a question (453a, 584c)," with
tile focus either on the teacher or the child, appears to fall within this
construct., : ¢ | ,'

An examination of the linear correlations in Table 6 reveals a low

to near zerxo process~product association for all four correlatioas.
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Tahle 6

Summary of Process-Product Relationships: Teacher Reactions to Pupil Responses

Process Variabies : Mathematics Reading
no. wane Mean S.D Range r R Degree Shape 1 4 R Depree Shape
ﬁih Adult response to child's | 0.10 0.15 0.0 - -.05/ 8 x .04/8 .25 xz \./
Quesiion with a question 0.78 .
Lssac Adult response to child's 0.04 0.07 0.0 - YA x .14 ~
question with a question .50 '

4

*A11 "r" coefficients,of * .19 or above are significant at the P < .05 level. All "R" coefficients are
significant at the p < .05 level.

0L

§: Stallings and Kaskowitz did not report these partial correlation coefficients.,
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However, an upright partial U-shaped nonlinear association was found
between adult-focused observations on this variable (var. 453a) and reading
achievement. An examination of Figure 13, which displays the curve,
suggests that there may be a threshold effect; that is, this particular
type'of teacher reaction seems not to be facilitative initially, but
does seem to become facilitative as the frequency of the behavior
increase. .

Inverted U shapes, as well as negative and positive linear asso-
ciations, have been found by Brophy and Evertson (1974a, 1974b) for
reading achicvemenc and the process variable: ‘'repeats, rephrases, or
asks new questions." The degree of relationship between current finding
and those of Brophy and Evertson is difficult to assess, since the
Stallings and Kaskowitz variable is related only to one facet of the

Brophy and Evertson variable.

Pupil Response Patterns

Teacher~student interactions irvolve pupil resgonses as well as’
teacher reactions. The process variables listed in Table 7, that is,
"all child open-ended questions (450a)", "child's extended response to
questions (454a, 585c),” and "all child-task related commens (587c)"
represent pupil response patte;ns.

Curvilinear functions describe parts of all but one of the pupil
response variables listed above. The all child upen-ended questions

(var. 450a) has a low, negative, nonsignificant, linear association with

rcading achievement and a cubic association, which is largely uninterpretable,
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Table 7

Summary of Process-Product F:lationships: DIupil Response Patterms

Process. Variables _ Mathematics Reading
No. Name . Mean S.D. Range T R Degree | Shupe | T - R } Degree Shane,
4593} ALl child open-ended 0.00 | 0.02 0.0~ |-10/-09 | 23] 2 [N\ -1 x
questions - 0.14 ’
’ 454a |} Child's extended response | 0.46 0.54 - 0.0 - .35 x .21/ § 40 x /-../}
. to questions .73 : ™~
585c | Child's extended response| 0.37 0.29 0.0 - 26 » 34 x2 / .02/ 8§ x
to questions 1.15
+
$87¢c | All ¢hild-task related 3.46 2.87 0.11 - |-.03/-.04 x -.077 5 | x
> conzents ' 14.56

*A11 "r" coefficients of + .19 or above are significant at the p < .05 level, All "R" coefficients are
significant at the p < .05 level. '

§¢ Stallings and Kaslowitz did not report these partial correlation coefficients.
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with mathematics (see Figure 14). Since this behavior (var. 450a) occurs
80 infrequentl&. no firm conclusigns can be drawn_at this time.

The child's extended response to questions/adult focus variable
(var. 454a) has a moderate, positive, and linear asscciation with m#the-
matics achievement and a quartic association with reading acgievement' .
'(see Figure 15). The child's extended response to questions/child focus
variable (var. 585c) has a near zero association with reading achievement and .
a quadratic association with mathematics achievement. Figure 16 shows
that this latter extended response variable is best described as a
inverted partial U-ghaped curve. Such a function suggests that increases
in the number of children's extended responses to questions are associated
with increases in mathematics achievement until some maximum 1s ;eached,
and thereafter theie are diminished returns‘in mathematics achievement
gains. On the average, one extended recponse per class period seems
sufficient to maximize outcomes; more tﬁan this seems to produce mildly
reduced gains. The all éhild-task related comments (var. 587c¢), the
last variable listed, appears to be unrelated to student outcomes.

Rosenshine (1976), drawing primarily from Stallings and Kaskowitz's
data, concluded that pupil responses to direct academic questions are
associated positively with achievement, whereas pupil responses to
nonacademic and open-ended questions are negatively assoclated ‘vith
achlevement. The results of the current reanalysis suggest tha‘ the

relationships are much more complex.
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Teaching Activities /

By teaching activities, Ruff (1978) means the types of instructional
activities that occur.in the classroom, or what Rosenshine (1976, 1977)
and Berliner and Rosenshine (1977) have discussed under the heading of
"ways of spending direct instructional time."

Of the seven process variables listed in Table 8, only '"variety of
materials used (V10)"--which is a composite of percent of time the
folléwing instructional materials were used in academic activities:

TV, audiovisual equipment, exploratory materials, math or science equip-
ment. tests, workbooks, and puzzles and games~-showed a nonlinear re-
lationship to achievement. This variable has é%@iﬁhcorrelation with

' mathematics achi§Vement, bu;'an inverted U-shape relationship with
reading achievement. Figure 17, which shows the functional relationship
between this process variable and reading achievement, implies that in-
frequent use of materials in general, as well as freﬁuent use of a
variety of materials, are both dysfunctional; moderate use of either

a variety of materials or relatively frequent use of few materials—-—
these issues are confounded in the composite--appears to be optimal.
This type of relationship does not appear to have been addressed by

any reviewer and, therefore, will not be discussed further.

Structure/Control

Teachers differ in the degree to which they arrange instruction

and control student freedom. Tikunoff, Berliner, and Rist (1975) define

7859‘,



Table 8

Summary of Process-Product Relationships: Teaching Activities

. Process Variables Mathematics Reading
No. Nanme : Mean S5.D. Range r R bégreo Shape T R | Degree Shape
44 Total numdber different re-| 21.02 3.1 0.0 - -.03 x -.19 x
source categories coded | 28.00 - R
"present" over three ' /
days
4s Total number different re-| 14.65 | 4.37 0.0 - -.03 x -.10/8 x
source categories coded . 25.00
"used today" over three
days
82 Wide variety of activi- 1.84 0.52 0.98 ~ | ~.06/-.07 x ' ~=.18 x
~ ties, concurrent 3.3 .
v
83 Wide variety of activi- 6.49 1.83 3.0 -~ | -.12/-.13] . x : - =30 x
ties, over one day . 11.33 : :
V10 | Variety of materials used | 15.51 | 8.22 1,19 - | -.08/ w x -.02/w |.26] x% N
471a Adults attentive to 2.96 2.99 0.0 ~ -.07 3 .02 3
large group 14.84
586¢ All adult instruction 1.71 1.11 0.05 - | .08/.05 x .12 x
6.25 ' O

*A1l "r" coefficients of + .19 or above are significant at the p < .05 level. All "R" coefficients are
significant at the p < .05 level.

«i  This wariable {s a new composite and was not studied as such in the primary analysis,

i Stallings and Kaskowitz did not report these partial correlation coefficients.
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structure as: ‘''the Leachgr preparation of students for a particular
'lesson" (p. 382). Such teacher behaviors directly and/or indirectly
control student behavior. The Stallings and Kaskowitz variable “echild
selection (24)" is a weighted aggregate of four variables, namely:

(1) assigned éeating for at least part of the day, (2) children select
their own seating locations, (3) teacher assigns children to groups,

. and (4) children select their own work groups. In general, the rela-
tionsiip between child selection and achievement is a negative one
(see Table 9); the association with wmathematics is linear, and the
association with reading is curvilinear. The curvilinear function is
described as a negatively accelerating curve (l.e., \\ ). Flgure 18
shows that reading achicvement does not decline until the weighted
scale value exceeds 2 points; thereéfter, the.gecline is quite steep,

Soar and Soar (i976), in describing results across four studies,
indicate that the relatioaship between teacher permissiveness and

achievement is essentially curvilinear, with moderate amounts being

optimal., The current results provide some support for their findiags.
Feedback

Information in respect to the correctness of a ch;ld's response or
vehavior is treated as "feedback." Five process variables, as listed
in Table 10, are examined in this reanalysis; the second and last two
have both an adult and child focus: "adult neutral corrective feedback,

academfc (499a)," "all adult positive corrective teedback (457a, 588c),"
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~Table &

sunmary of Process-Product Relationships: Structure/Control

Process Variables ' Mathemati~g Reading
” b
C o, Nanme . Mean S.D. Raunge 4 R Degree Shape T R Degree J Shape .
26 | Child selection 146 | 1.79 0.0 - -.09 x -.26 .36 X2 T~
4.0

*All "r" coefficients of * .19 or above are significant at the p < .05 level. All "R" coefficients are
significant at the p < .05 level.
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Table 10 s
Summary of Process-Product Relationships: Feedback
Process Variables Mathematjcs 1/ Reading
No, Nane Mean S.D. Range r R Dégree Shape r R° { Degree Shape
4433 Adult neutral corrective 0.89 1.23 0.0 - .23 x .23 .32 xa \/’\u/
feedback, academic 5.23
4573 All adult positive cor- 2.42 1.20 0.45 - .38 X .14/ 8 X
rective feedback 6.93
558¢ All aduit positive cov- 0,54 0.40 0.0 - .31 x: .15/ § - X
rentive feedback 2.10
o 458a All adult negative cor- 0.15 0.28 0.0 - .05/8 X .14/ 5 .21 xQ \—\__
&~ rective feedback . .18
65.\ Adult fecdback to children]l 1.31 0.86 0.03 -~ .03/ 8 x .09/8§ X
for beiavior 4,35
2
5%oc Adult teedback to clhifldren{ 0.28 0.25 0.0 - .07/ 8 x -.N8/ § .22 x .
for behavior . 1.20
: . . 4
l.lua Alil adult avstral corvec- | 1.56 1.67 0.0 ~ +13 «30 xl' v~ Y15/ .36 x \/‘/
tive feedback 9.35 ,
OAC All adult neutral correc- | 0.23 0.29 0.0 - .10/ § x i—.02/§ x
tive feedback 1.60 4
N ) P
9y *All "r" coefficients of + .19 or above are significant at the p < .05 level. All "R" coefficients are

significant at the p < .15 level.

stalltings and Kaskowitz did anot renort these partial correlation coefficients.
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"all adult negative corrective feedback (458a)," "adult feedback to
childqgn for behavior (465a, 596¢)," and "all adult neutral corrective

: .
feedback (470a, 601c¢)." f

The adult neutral, corrective feedbéck, acadamic variable (var. 499a)

has a positive and linear relationship with mathematics achievement and

. a 4uartic\relationship that is largely uninterpretable with reading

achievement (see Figure 19).* The all adult positive corrective feedback

,variables (var. 457a, 588c) are linearly related to both reading and

mathematics achievement. The all adult negative corrective feedback
variabli.. (var. 458a) has a quartic relationship with regding achievement.

The adult feedback to children for behavior/child-focus variable (var. 596¢),
which essentially has an upright U shape, implies.that moderate amounts

of feedback for behavior are not academically facilitating, but extremes

of the behavior are. It is unclear as to why this should be the case

(see Figure 20). The all adult neutral corrective feedback/adult focus

(var. 470a) has a quartic relationship with both mathematics and reading
achievement; but such relationships cannot easily be interpreted.

Rosenshine (.976, 1977) has indicated that in the Stallings ana
Kaskowitz study, both teacher pralse and criticism are effective when
academlcally focused. He also notes that teacher feedback is negative-
ly related to student achievement wﬁ;n nonacademically foéused. This
latter observation may be in need of reexamination, given the fact that
an upright U-shaped function was found for "adult feedback tg childien

Y

for behavior" (var. 596c).
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‘Qualities of the enviromment refer to the affective climate of the
classroom, Six proéeés variabies as 1i§ted in Table 11 are examiﬁed. )
for this reanalysis; of the;e, the third and fourth varigble have both
an adult and child focus._ The v;riagleé are%as follows: "all child
positive affect (460a)," "all positive;géhévior (46255{“ "child self-~
esteem (466a, 597c),' "child cooperation (467a, 598c),"-"all negative
behavior (59c)," and "child attentive (595¢)."

The all child positive affect, all positive behavioy; and all
negative behavior variables (vars. 460a, 462a, 594c) have a negative
and linear relationship with achievement.

Child self-~esteem, both adult and child focused (vars. 4663, 597¢),
has a cubic relationship with both mathematics and reading achievement.
Child self-esteem 'is an aggregate composed at least of child ‘statements
'of self-worth and child's extended response to questions; the latter
itself is an aggregate, which only adds to the difficulty of interpreting
these outcomes. The functions displayed on Flgures 2; and 22 suggest that
some amount of child self-esteem prior to the midrange is associated |
with relatively high achievement; surprisingly, increasing levels of
"self-esteem” are associated with decreasing levels of growth, until
some minimum is reached and an upward turn occurs. For reading achieve-
men:, the lLighes. levels of "self-esteem" are assoclated with the greatest

gains in achievenent., Tt is suspected that a number of variables are

in interaction relative to this variable.
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Table 11

Sumnary of Process-Product Retationships:

”
.

P

[ 4

Qualities of Environment

Process Vari{ables

Mathematics Reading
o, Name Mean S.D. Range r R Degree Shape |’ r R Degrée Shape
4604 | All child positive affect | 0.51 0.73 0.0 - 1-.11/1% X -.06/8 x
4.57,
4nla | All positive behavior 1.11 1.13 0.0 - |-.15/5§ x -.13/5 x
7.74
: . /
“66a | Child self-esteenm 6.67 | 4.60 1.00 ~ {-.17/5 .29 x N del06/8 |3t x3 —
19.03
r)glc Chlld self-tsteem 608‘. 4065 1-06 had ’017/§ 028 X3 ,-\/ "006/§ d 035 x3 /\/
19.24 )
«867a ] Child cocperation 1.58 1.79 0.0 - .21 .45 x3 /-\v/// J13/8 46 xa —
9.60 1
596¢ | Child cooperation 3.45 2.96 0.0 - 1-.07/~-.03 x -.07/~.12 x
14.72
59%c ! All aegat{ve behavior 0.25 0.47 0.0 -~ .01/-.11 x -.18
3.65
595c | Child attentive 11.74 | 5.67 0.0 - |-.09/-.07 [.33 SN VA SETYE R NETY B NN
27.50 | \

*All “r" coefficients of ¢ ,19 or above are significant at the p < .05 level.

significant at the p + .05 level.

Stallings and Kaskowitz did not report these partial correlation coefficients.

All "R" coefficieqfs are

105



S

.‘:é.';

-«
ot P
A
eveotiscostesossTacootessoten oo'oooo"oooo'o\o.r....'..
30 == o :
—_—eee — - o _.. e .
25 = .
. . :
20 o A ) .
0 &? .
p _ .
R “ e
E 15 = .
(3] o
1 ..
Cc o
T °
~5 ¢
A .
. N ]
3] o
’ .
0 o
8 o
S‘ .
£ o
R
.' [ J
£ .
) o
.
v 00 O 4] 0 (4] o
0 0 0 _ .
g __ 0 . 0 o
m‘”‘l‘id”-‘:”’”“‘“'*'” . *
0 ‘e
» o 0 o
] .
? i e ee e s ae . .
-15 4= ‘
e e ) 0 .
- . :
M 4 ‘l 4 8 . %
2. LR (LR L T
YT T, T T T Tt 16 20

Figure 2), The process-product function for "child self-esteem" (M/597c)--as
relaed with mathematics achievement.

90
1¢6




*”

cemam 30 I ¢
T 0 '
— o——— - ey - PO *
L ]
EIVIR, o . +
24 = +
P} —— e e e e ———— .
.R . *
.—-‘E b cwam— LRl ®
D 18 «» +
l C - °
C 0 .
T .
D 0G .
12 wi= o _c e 0 +
A .
N °
] .
) +
-8 .
S o
3
R .
v .
3 o
o) o
*
0 N
;
C - .
C .
-18 o ¢ ¥
i W PR Attt . ¢ = - - ——— —— ( l -.}—-. ' - l — - PR — - - b - =
_ . 2e — .. lo t la_ .--..1|.,8‘_._‘. _
4o 8. 12 16 20

Figure 22. The process-product function for "child self-esteem"
(R/597¢)~-as related with reading achievement.

91



'ooooQoooo+oooo¢0.oo4oooo¢op.oQ-

O mi< DM nie O oz » O~ Oj—~Om>Dv

o ole o @ o 0 ol wle o |0 o |4 o |0 o o

&=
-™>

et
. 7

Ge 8. 19

Pk o
4 .

. 3.
G. e

e e N e- _4 4 4é;

Figure 23. The process-product function for "child cooperation" (M/467a)--as
related with mathematics achievement.

92

108




> e

36

Y ——— Ly | o, o TTT— - om—

30

|
1L

24

.
*
I
P .
R . "
. E hd Y
0 18 + — ry
I '.0 I .
[d « U .
T : [/ :
D 0N 0 (4 .
12 ¢ 0 4] 8] +
A . 4 :
N . / .
D «0C U v J .
0 0 0O 0 0 / .
0 60 ”0 0 Q ‘+
. i ] ,
S Y aliKs] C [¢] .
E L0000 0 / .
K 2057 J [P 4] 4] L "
v D¢ +PNf—9D *———p- -0 4 —
| 3 ol 1 C P .
.DU C Cf .
«N00 0 \ / .
-8, ¥o U J of ] At +
o0 cC G 0 o
‘e LU [6] U i .
«J 20 (. R
« W - .
-12 ¢ 0] +
o :
. T : .
=18 + 7 ry
e¥feseeTorooTooeeFoooe F....T...:‘-’.':Tmb'::";'.f.‘“"
1. 3. 5. ) Te Q.
U ‘e “o He a. T

Figure 24 . The process-product functlon for "child cooperation" (R/467a)--as
related with mathematics achievement.

93
. 10y




Child cooperation (vars. 467a, 598c) has a function not too unlike
that of child self-esteem, with readiﬁg achievement; that is the highest
levels of cooperation are associated with the greatest growth in achieve-
ment (see Figures 23 and 24). However, since the upward turn is due to
a single outlier, such an interpretéﬁion must be treated with great o
caution, and indeed without this case the funt * might well approximate
an inverted U shape. ' .

Child attentiveness (var. 595c) is cubicly related to mathematics
achievement and has a quadratic inverted pa;tial U-shaped relationship
with.reading achievement. An examination of Figure 25, which represents
the relationship between.child attenéiveness and mathematics achievement,
revedls tinat this function is not unlike that for child "self-esteem"
in respect to reading achievement. Figure 26 shows that reading achieve-
ment was maximal for classes having moderate amounts of child attention
and that extremes of attentiveness were asgociated with decreasing amounts
of student achievement.  The fact that this®ariable is an aggregate of
nonacademic and academic attention, as well as attention to. machines, adds
a measure of difficulty to the interpretation of this finding. Apparently,
too little and clearly too much attentiveness, especially 1f the latter
is nonacademically oriented, is nonfacilitative. The reason for the
upward turn for mathematics achievement is less clear.

All variables listed in Table 11 have been dealt with in only
cursory fashion in the literature; they are not the usual ones cate-
gorized as "qualities of enyironment." The fact that they all are compo-
sites clearly hinders :fforts to compare these results with those of

others. Neverthel.ss, the curvilinear findings suggest that this is still

another set of relationships in need of additional study and research.
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o 9.
VIi. SUMMARY AND CONCLUSIONS

Data from 108 first grade classrooms included in the Stallings and
Kaskowitz (1974) study were selectively reanalyzed using polynomial re~
gression analysis. This secondary analysis was conducted in order to o
search for possible nonlinear relationships between classroom process
yariables and student achievement in reading and mathematics.

Of ninety~five relationships initially selected for reanalysis,
thirty-two were found to be nonlinear. Threé of these nonlinear
relationships have an inverfed U shape, four are best described as
inverted partial Us, one has a negatively accelerating shape (i.e., V),
anot’her has a negatively decelerating shape (i.e., \_ ), three have an
upright U shape, another three are best described as upright partial
Us, and Ehe remaiging functions were either cubic or quartic. Shapes
referred to by Brophy and Evertson as'"candy canes'were not found in this
rganalisis. Some of the cubic and quartic functions could, if minor
variation were disregarded, be‘treated either as inverted U or upright U
shapes. All these npnlinear relationships are summarized in Table 12.

Inverted U-shaped functions were fqund tb describe the rélationship
between mathematics achievement and the following two process variables:
"peréént of time spent on numbers, math, arithmetic (66), " and "total
weight in math groupings (140)"; and between reading achievement and
"variety of materials used (V10)." Inverted partial Us besf describe
the relationships botween mathematics achievement and the following
process variables: 'adult academic commands/requesté and direct
questions to children (45la, 582c)" and ''child's extended response to
questions (585c)'; and between rggding achievement and '"child attentive

(959¢c)." Brophy and Evertson indicate that inverted U-shaped curves:
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Table 12

Summary of Nonlinear Functions

-

Variables 2
~Degree Shape "Mathematics| Reading ——
Inverted U (/™) 66 (1)*% V10(8) "
Quadratic 140(2) '
Inverted Partial U (¢ \/ 451a(5), 595c(11)
585¢(7)
Positively Decelerating ( ¢ )
Negatively Accelerating ( 7 ) 24(9)
Negatively Decelerating ( “— ) 165(2)*
Jositively Accelerating ( ./ )
Upright Partial U (\_ ~/) V4(3) V4(3), 453a(6)
Upright U (\_J) 109(2), V2(2) 596c(10) |
o V5+(2), . 15+(2), 466a(1l),
Cubic 4504(7), %97¢(11),
gggaéi%;. 467+(11), -
c ’
wrar@ ., | V@
. 595¢(11)
) Quartic
~ 470a(10) 454477),°.4494(10)
4A58a (10), 470a++(10)
V7(2)
+: Minor variation of a besically inverted U shaped curve.
++: -Minor variation of a basically U shaped curve.

LE Brophy and .Evertson treated this type of curve as a _
decelerating curve even though in this reanalysis it had a
cubic function.

**%:  Numerals in parentheses refer to tables as found in Section V,
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Depict a relationship 1in which some medium or optimal amount

of the . . . process variable 1s associated with -highest scores on
the product criterion variable, with either too little or too much
of the . . . process variable being less desirable than the
medium optimal amount. (p. 22)

A negatively accelerating curve best-describes the relationship found
between reading achievement and a weighted composite called "child

selectinn" (see Figure 18). A nega.ively accelerating curve (i.e., N)

generally indicates that low levels of the process variable being examined
are marginally facilitativg, but with incréased levels the process vari-
able becomes increasingly dysfunctional; the decline is initially a
graduagwone that becomes steeper with every increment in the process varia- |
ble. A negatively decelerating curve may be used to describe relationships

found between reading achievement and the variable "all children without

NV eaied

adults in reading" (see Appeﬁdix, Figure D). A nega;ively decelerating curve
({.e.,\ww) generally indicates that low 1evels—of tﬁe process variable

being examined are marginally facilitative, but with increased levels

the process variable quickly becomes dysfunctional, until a point is reached
wheré there i8 a near zero rate «f decline. However, in this feanalysis

the latter-mentioned variable, that is, "all children without adults in.
reading (165)," is best described as an L-shaped curve. Such a function
indicates that there is essentiglly a zero correlation between the two.
variables for most levels on the process variable, usually wifh some
exception. 1In this instance, the shape was due to data from one extreme L
class. | |

Upright U-shaped curves were found to describe the relationship



between mathematics achievement and the following-two variables:
Yone child with any adult (109)" and "classroom groupings: perceut of
adult-individual child interaction time (V2)." The same upright U shape
Giescribes the relationship between reading achievement and "adult feedback
to children for behavior (596c)." Upright partial U curves were found
between mathematics and reading achievement and thé "petéent of time
a child was without adults (V4)," and between reading achievement and
"ad#lt response to child's question with a question (453a).”" Upright
U-shaped. curves indicate that either low or high levels of the proceés
variable tend to be associated with greater achievement gains. With only
a few exceptions, relationships of this sort are hard to interpret.
Brophy and Evertson feel that such curves "appear to be inherently uninter-
pretable . . . without other information about how a variable might be
interacting with other variables" (p. 25). Since such relationships
usually apﬁéat when the process variable is multidimensional (as in
cases of aggregated variables) and/or when iﬁ interactions with context
or ofher variables (Rrophy & Evertson, 1976), Quch cases suggeét the need
for further study and analyses.

Cubic or quartic functions, which are even more diff;cult to inter-
pret, were found for seven of the process variables as related to |
mathematics achievement. Ten process variables have a cubic or quartic

relationship with reading achievement. Five of these functions were

basically minor variations of inverted U-shaped functions, and one is

basically an upright U-shaped function. Again, the miltidimensidgnality
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... -of these. funetions for these—particular wirtables. ™ -~

of the process variables ond/or their interaction with other variables
quite possibly are responsible for the nature of these functions.

.
Further analyses and studies are needed to understand the root causes

The findings of this secondhryﬁanalysis effort show that in some
instances, similar curves were bbta;ned for the same variable across
content areas (i.e., teading and mathematics) and/or across adult~-
.focused and child-focused data. This suggests that the results are
consistent and have meaning, although that meaning may not always be
readily apparent. On the whole, quadratic functions are more or less

0

easy to interpret, that 1is, give%}a straightforward process variable and
not a composite. In general, most of the nonlinear quadratic relation-
ships found ;hrough the present reanalysis, especially“those described
as inverted Us, inverted partial Us, and/or accelerating and decelera-
ting curves, seem generally te be interpretablg and, therefore, may be ,
said to pru.ive more worthwhile information than linear ?elakionships
aloﬁe. : -

Several cautionary remarks seem due at this point. ‘First, Qronbach
(1976) has cautioned against‘instigating a blind search for nonlinear
relatiouships: "Nonlinearities may reasonably be explored, buc’unless
there is a rationale for predicting nonlinearity, little credence can be
given a nonlinear relationship the first time it turns up" (p. 3.11).

In response to Cronbach's remarks, it is to be noted that the variables

used in this reanalysis were selected on the basis of prior research

findings and other theoretical considerations; it was not a random process.

101

l]} :



Second, as mentioned in the methodology.section, clase mean reading
and math scores were residualized on class mean WRAT'scores because of

existing conditions. It remains to be shown whether or not similar

-ch;;;s“wiil obtain if the ichievement test scores are residualized at

the student level. _ ‘ ' 57

Third, statements made in this paper regarding "optimal" levels of
classroom practice were not intended to be applied indiscriminantly;
they are éeneralizable only to low~SES first grade children similar to
the children stﬁdied'by Stallings and Kaskowitz. In addition, these
secondary reganalysis findings should be treated as being tentative and
in need of confirmation. ‘

- Fourth, several of the reported nonlinear relationships are almost
certainly{caused by outliers. Without these outliefs“the functions would
differ considerably. Some functions might even prove to be linear;"(others
quadratic), forcing copélusiogéﬂdraWn here“to be éubstantially
ﬁﬁdified. An egiremelf conservative approach to this anaigsis hight have
been to drop éll ouéiiers. This alternative wats »:t electad, and outlier
data was treated as if they represented real ey-- v Soar axd Soar (1976)
have suggested that "perhaps researchers have been protected by teachers
who have . . . not produced extreme amounts of the behaviors under study

(p. 265). Perhaps some of the teachersd in the Stallings and Kaskowitz

study were not as protective of researchers as is usual of their colleagues.
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APPENDIX:

PROCESS-PRODUCT FUNCTIONS
NOT INCLUDED IN SECTION V
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Figure B, The process-product function for "total weight in math groupings“
(R/140).
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A-10

133




e
,.'A “::'::"..-.; o o;oo.-o:.’o o::0o o 00-. coe "o-c .-‘;:-.—;. L I o-o_:;o o ¢0-:-:.
* — r'y
w e ) .
u .
2
Y
- 30 . ¢
° L 2
g! . ;
. P . ®
R .
3 o
0 18 +
1 1] .
-C 0 .
T °
0 U o (] .
12 o= 0 0 0 +
‘ : * ®
N .
c 0 .
. 0 .
0 0 +
. B °
S -
€ 0 0 .
[ 0 o .
Vv —6——f *
E -
D .
;
0 .
0 : -
Y - T - R | o__.
[ I’
“l2 w= 0 +
o ) .
0 .
II .
*“;1‘ Tl ot forem tmees memeem s - - +
/ .
L ot R 4 —_— .....4_:...
!} - ITAﬁf' '{3' -+ 14 t '41;L
Ya 8. .12 16 20
. .
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